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The Honorable Terry McAuliffe 
Governor of Virginia 
1111 East Broad Street 
Richmond,Virginia  23219 
April 21, 2015 
Dear Governor McAuliffe, co-chairs, and members of the Commission,  
 
    We welcome the Governor's Commission on Climate and Resiliency to the University 
of Richmond for its meeting today and for a Symposium on Nature, Virginia's Economy, 
and the Climate Threat. 
 
    The Commission's charge is to propose solutions to you for climate-related issues 
facing the Commonwealth. Our Symposium today also takes up that challenge. In this 
booklet you will find research and recommendations for you -- and all of Virginia's 
governing bodies – for how best to protect our state's priceless and economically essential 
natural heritage as climate changes disrupt our ecosystems.  
 
     Those natural assets are often overlooked by conscientious public servants as they 
plan for climate impacts on urban areas and infrastructure. We hope that this research, 
produced by students in an Environmental Studies seminar during the past few months, 
begins the urgent planning needed to make our forests, wetlands, riparian areas and the 
Bay, already under great stress, more resilient. 
 
    These are recommendations for immediate action and for funding. They include a new 
prioritization of conservation tax incentives and an agroforestry initiative, both of which 
will protect vital migration corridors for forests and wildlife; measures to retain our 
economically vital natural wetlands; new sanctuaries for oysters and the rest of the Bay 
fishery; programs to make the state's anti-invasive species and riparian restoration 
campaigns more effective as climate change arrives. We are confident that these 
recommendations deserve careful consideration from your administration. 
 
    We're grateful that the Commission has accepted our invitation to meet at here at the 
University, and we also thank the UR Class of 1992 Environmental Awareness 
Endowment, and the UR Center for Civic Engagement, whose support made today's 
Symposium possible. 
 
    On behalf of the students of the Environmental Studies Senior Seminar Class, 2015, 






Peter D. Smallwood    Stephen P. Nash 
Associate Professor of Biology  Senior Research Scholar, Journalism 
University of Richmond   University of Richmond 
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 1. Seed Banks: An Insurance Policy Against  
Extinction From Climate Change 
 
NATURE, VIRGINIA’S ECONOMY, AND THE CLIMATE THREAT 
Richmond, Virginia; April 21st 2015 
                                                                                                                    
Casey Schmidt 
Environmental Studies and English Major, 2015. 
 
Abstract 
 Climate change is causing the ranges of native species to shift northward at 
a pace that outstrips the ability of many plant species to migrate and adapt 
(Walther et al. 2002; Renwick & Rocca 2014).  Although assisted migration, 
the process of relocating individuals or spread of seeds through human 
intervention, has been used successfully in some cases to preserve species, it 
comes saddled with potential ecological damage and legal complications 
arise when these ranges cross state lines.   
 
        These complications threaten Virginia’s biological diversity, especially 
among rare plants and those plants from habitats affected most by climate 
change.  In order to preserve the genetic diversity of native species before 
populations become isolated and inbred, this paper proposes that Virginia 
create a seed bank.  Seed banks have been used for a variety of reasons 
worldwide to preserve the genes of plants species, including for the 
preservation of crop species and for research purposes (Laliberte 1997).  For 
this proposed seed bank, Virginia would use information collected by the 
state Natural Heritage Program to identify eligible species that face the 
greatest threat from climate change in order to preserve biodiversity, 
establish a genetically diverse sample for research, and potentially 




 As the climate changes, the average temperature in Virginia will rise, shifting 
once-stable ranges of native species northwards and upwards in elevation (Walther et al. 
2002).  Global climate change has affected the phenology, or timing of the seasons, for 
the region which alters environmental cues to plants and animals, especially in the spring 
(Walther et al. 2002).  When this change misaligns the reproductive and activity cycles of 
different species, reproduction is affected.  Climate change also impacts rainfall and soil 
moisture which are important factors in determining species range (Kane et al. 2013).  
While some animal species will be able to migrate with this change, the shift will likely 
outpace the ability of plant species to adapt and migrate. Because individuals are 
immobile, this can only occur through reproduction (Renwick & Rocca 2014).  
Additionally, studies predict that habitat fragmentation will increase in the coming 
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decades, which decreases habitat connectivity and corridors through which species can 
migrate (Vitt et al. 2010).   
 
The native flora of Virginia provide invaluable ecological services such as carbon 
sequestration and water quality maintenance, as well as providing habitat for Virginia’s 
native species.  Plants have always been an important part of Virginia’s heritage; the first 
book on the flora of Virginia was published more than 250 years ago. The trees that make 
up an integral part of the state’s viewshed are at risk of disappearing.   
 
 Though one solution would be to relocate at-risk species northward, this method 
poses unknown risks to the ecology and integrity of the new landscape (Vitt et al. 2010).  
Additionally, many of these new ranges would cross state lines and good precedents have 
not yet been set for interstate large-scale assisted migrations.  Additionally, while in situ 
conservation -- or conservation of the species' native habitat -- is ideal, 90% of 
endangered species exist on private property, land acquisition is expensive, and current 
important areas of biodiversity may not be as important as ranges shift.   
 
 Instead, the state should consider an ex situ, or out of habitat, form of 
conservation: the seed bank, in which the state can preserve the genetic diversity of 
native species while legal regulations and research catch up to the evolving realities of 
our new climate.   
 
Across the globe, there are over 1,500 seed banks currently preserving the genetic 
material of flora species (Laliberte 1997).  The purposes of seed banks range from 
medical to agricultural to ecological, but all aim to preserve the seeds of plants by storing 
them in a controlled environment to keep them in a dormant state.  This paper discusses 
the science behind seed banks and how they are used to protect biodiversity for the 
future.  Additionally, it proposes partnerships and sources of funding for the creation of a 
seed bank for the state of Virginia in order to preserve the specific genes of Virginia’s 
native and endangered flora.  
 
 
The Science of Seed Banks 
 
 Seed banks are facilities in which the seeds of plants, for a multitude of reasons, 
are kept cool so that they do not germinate or die and can be planted at a later time.  Seed 
banks have been used for a variety of purposes across the world and often in the United 
States for the preservation of crop species.  More recently, seed banks have been 
employed to preserve endangered native species as in the case of Rancho Santa Ana 
Botanical Gardens in California and medicinal in the case of the North Carolina 
Germplasm Depository (Volis & Blecher 2010).  Similar to seed banks, germplasm banks 
store genetic material, such as pollen, in addition to seeds which can be used for 
reproduction later.  Seed banks act as insurance to protect species in order to garner more 
knowledge about them for wider conservation efforts, to gather a controlled population 
for research purposes, and to offer the possibility of future reintroduction into the 




 Seed banks mimic a phenomenon in nature in which seeds do not germinate 
because of limiting factors in their environment, sometimes called "enforced dormancy," 
other times "seed persistence" (Ellis et al. 1985; Long et al. 2014).  During this time 
seeds remain alive, but do not grow or germinate until environmental conditions improve.  
Limiting factors include moisture, light, heat, and dissolved oxygen (Ellis et al. 1985).  
Seed dormancy in nature can preserve the seed anywhere from a few weeks to years in 
the soil until conditions become ideal for germination (Ellis et al. 1985).  This persistence 
spreads the risk of reproductive failure by distributing germination over time and variable 
environmental conditions (Long et al. 2014).     
 
Seeds and genetic material are kept at a low humidity, below 8%, and at a cold 
temperature, below 20°C, while in the seed bank (Laliberte 1997).  The seeds are 
collected, important data recorded, and then the seeds are dried which causes a hardening 
of the outer shell (Ellis et al. 1985).  Seeds are generally kept in containers that prevent 
exposure to moisture, such as glass jars or vacuum-sealed bags.  Seeds are tested every 
few years for viability, which allows for the opportunity to garner information about the 
longevity and germination success of different species.  Seed banks are the most popular 
form of ex situ conservation for plants because of their low cost of maintenance, ease of 
storage, and their insusceptibility to invasive species and predation (Volis & Blecher 
2010).   
 
Large samples of seeds are preferable to provide a representative sample of the 
population and to prevent inbreeding and genetic drift.  The Millenium Seed Bank, a 
project which aims to preserve 10% of the world’s flora species, suggests an ideal 
number of 10,000 to 20,000 seeds (Smith et al. 1998). Proper collection numbers vary 
between studies, from 50 sampled individuals per population to around 170 total 
individuals across populations seeds (Hoban and Schlarbaum 2014).  When the number 
of samples is limited, studies have found that it is more effective to sample across 
spatially heterogeneous populations rather than gather more samples from a constrained 
population (Hoban and Schlarbaum 2014).  Such large samples are required for a base 
collection, test samples for viability, distributing duplicates to other facilities for safety, 
and distribution for research purposes.  Smaller collections will limit opportunities for 
research and distribution (Smith et al. 1998). 
 
Though seed banks act as an insurance policy against extinction, seed collection 
should not compromise the ability of plants to reproduce in the present (Thompson 2008).  
Although human intervention in many cases is needed, natural migration is still the 
preferable method for plants to adapt to climate change.  In order not to over-sample, no 
more than 10-20% of available seeds should be collected at any given point and seed 
collection protocol set forth by the Bureau of Land Management should be strictly 
followed (Vitt et al. 2010; BLM 2003).  All collected seeds are carefully cataloged with 
essential information about their species and where and when the sample was taken.  This 
information, even if it is discovered that a species is not suited to seed bank preservation, 
can be used to track the native ranges of species which can be invaluable information as 





Determining What Species to Preserve 
 
 Seed banks provide a place for preserving seeds for a variety of purposes which 
gives the state some flexibility with which to work in preserving species.  As mentioned 
earlier, though traditionally many seed banks housed seeds for agriculture, an increasing 
number of seed banks are devoted to biodiversity which is what this paper proposes for 
Virginia’s seed bank.  The species that should be preserved in the Virginia seed bank will 
be determined partially by funding, which will restrict the size of the seed bank and 
therefore the number of samples and species that the seed bank can hold.  For example, 
Ranch Santa Ana Botanical Gardens, which is dedicated to protecting species native to 
California, had a species goal of fifty which was reduced to thirty-six once funding was 
determined to be insufficient (Showers 2010).  There are nearly 3,200 species of plants 
found in Virginia so priority should be given to native species that are already threatened 
or from habitats most at risk from climate change and with a lower ability to disperse 
seeds to adapt to changes (Weakley et al. 2012).  This priority differs from the federal 
program through the Bureau of Land Management, Seeds of Success, which prefers 
“workhorse” native species rather than protecting at-risk species (BLM).  The Natural 
Heritage Program, under the Department of Recreation and Conservation, has studied the 
ranges of endangered species and has already published a list of rare plant species, of 
which eleven are considered threatened and sixteen endangered on the state level  
(Townsend 2014).   
 
 Virginia is fortunate in the vast amount of data already collected on the subject of 
native flora with over 3,200 cataloged species and detailed lists of rare plant species as 
mentioned above.  Both endangered habitats and species have been well documented by 
the Natural Heritage Program.  The Bureau of Land Management seed collection protocol 
lists among its exclusions for seed collection any species that are on or are candidates to 
be listed as endangered or threatened and any species that are classified as G1, G2. S1, or 
S2 species, which are species considered critically threatened at the global (G) and state 
(S) levels (BLM). Collecting from these species would likely have a detrimental effect on 
species survival in the wild and would not yield a genetically diverse sample.  Although 
not all plant species are suited for seed banks, and all seeds have a limited dormancy 
period while remaining viable, 89% of the 7,000 species preserved worldwide have seeds 
that are expected to remain viable for 200 years (Smith et al. 1998). 
 
Partnerships and Funding 
 
 Obviously, a project of this scale requires significant funding, although the 
amount would be largely dependent on the type and size of the facility. Seed banks are 
the most cost-effective method to preserve floral genetics (Laliberte 1997).  Funding for 
other seed banks in the United States has been found in the form of state and federal 
grants, non-profit and private donations, as well as through partnerships with academic 
and public institutions (McCoy 2015, pers. comm.; Showers 2010).  For example, the 
University of North Carolina is partnered with the North Carolina Germplasm Depository 
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in order to conduct research and has made one of its missions to research medical uses of 
native plants, which allows for greater variety of interested parties.  Other seed banks 
partner with private botanical gardens, such as the Rancho Santa Ana Botanical Gardens 
in California where the seed bank was created specifically to preserve biodiversity 
(Showers 2010). 
 
 Outside of the initial investment to construct the facility, a yearly operating 
budget is required to continue conservation work.  One of the major contributions to the 
failure of seed banks worldwide is the lack of annual funding.  Seed banks require few 
full time employees, the number of which depends upon the size of the facility and types 
of projects being researched.  For example, the North Carolina Germplasm Depository 
employs three to five researchers per year along with volunteers and interns (McCoy 
2015, pers. comm.).  Collection is one of the associated costs of operation which could be 
mitigated by the use of volunteers and students with proper training.  Additionally, it 
could be helpful to engage the public by having them help identify areas where 
endangered plants may exist and have trained researchers collect the seeds from there 
according to national standards.   
 
 Communication between Virginia’s seed bank, other seed banks, and partners will 
be essential for the most effective conservation.  There are regional and national seed 
banks run by the Bureau for Land Management through their Seeds of Success program 
which will have similar interests to that of the Virginia Seed Bank.  Seeds of Success not 
only preserves native species for their biodiversity value, but for waterway stabilization, 
roadside revegetation, emergency fire rehabilitation and restoration, and landfill and 
corporate land recovery which could help increase habitat connectivity (BLM 2014).  
Additionally, it will be important to work with seed banks in neighboring states as some 
species distributions will cross state borders.  Although there may be some overlap in 
species, it is important to emphasize that genetic diversity is related to spatial distance so 
it is just as important to preserve genes from Virginia.  Having species protected in 
multiple seed bank also prevents the loss of all collections were something to happen to 
one of the facilities that destroyed the collections such as fire, or improper conditions for 
dormancy. 
 
 Many organizations have expressed interest in preserving native plants in 
Virginia, including but not limited to The Nature Conservancy, Virginia Polytechnic and 
State University, Virginia Department of Agriculture and Consumer Services, Virginia 
Department of Forestry, Virginia Department of Game and Inland Fisheries, and Virginia 
Department of Transportation.  Partnerships with organizations such as Lewis Ginter 
Botanical Gardens could provide a place for germinated plants to be stored or planted.  
All of these organizations could be possible sources of funding, fundraising, or 
manpower for the creation of this facility. 
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2. Branching Out: How Virginia Can Use Trees 
Strategically to Combat Biodiversity Loss 
 
NATURE, VIRGINIA’S ECONOMY, AND THE CLIMATE THREAT 
Richmond, Virginia; April 21st 2015  
 
Taylor Pfeiffer 
Environmental Studies and Biology Major, 2015.  
 
Abstract  
Biodiversity loss is a consequence of climate change. As greenhouse gas 
emissions increase global temperatures, decreases in the abundance and 
diversity of species has reduced ecosystem resiliency during these changes 
(Verchot et al. 2007). Weakened ecosystems decrease the environment’s 
capacity to provide humans with services like safe drinking water, fuel, 
and protection from natural disasters (US EPA 2013).  
 
The agricultural industry plays a unique role in this environmental 
conversation, as farmland both contributes to climate change and is 
jeopardized by the negative effects created by the issue in a complex 
reciprocal cycle. This relationship, along with the presence of 8.3 million 
acres of farmland in Virginia, suggests that agriculture should be 
incorporated into the state’s climate change adaptation and mitigation 
strategies (VDACS 2015b).  
 
Agroforestry, the strategic integration of trees in agriculture to create a 
sustainable land-use system, has been utilized for environmental benefits 
in the past (Bentrup 2014, USDA NAC 2012). This paper proposes the 
creation of a statewide program that requires the use of agroforestry on 
large farms in order to preserve biodiversity in the wake of climate 
change. An alternative solution is a certification program for farmers who 
use agroforestry practices to enhance wildlife habitat. Economic 
incentives and implementation assistance will encourage participation, 
while funding for the establishment of this program, creation of 
publications, and organization of events will be sourced from 




 Climate change has become an increasing concern of scientists and environmental 
researchers as evidence of the shift in global patterns becomes more abundant. Increased 
atmospheric greenhouse gases (GHG) have caused changes in biogeochemical cycles, 
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resulting in increased air temperatures, increased ocean temperatures, and ocean 
acidification (Verchot et al. 2007).  
 
Some attempts have been made to remedy this issue, including the European 
Union’s Emission Trading System and Australia’s carbon tax program (Schieffer and 
Dillon 2015). The United States Environmental Protection Agency (EPA) and Army 
Corps of Engineers have worked to reinforce flood controls and encourage use of water 
efficient appliances because climate change-induced weather events have depleted the 
water supply in some communities (US EPA 2013). Finally, biodiversity loss and 
decreased ecosystem resiliency, due to the problems listed above, have been addressed 
through international programs such as the Mesoamerican Biological Corridor (DeClerk 
et al. 2010).  
 
 Attempts to mitigate effects of climate change are widespread and diverse in their 
focuses. However, agriculture in particular serves a unique role in this environmental 
discussion because of its contributions to climate change and biodiversity loss, but also 
the negative effects the industry is facing because of the issue. Tension exists between the 
need for profitable operations that provide global food security and efforts to reduce 
environmental impacts of intensive food production (Robertson and Swinton 2005). The 
agriculture sector accounts for about 13.7% of global GHG emissions, consistently 
ranking as one of the major contributors to carbon dioxide levels in the atmosphere 
(Tubiello et al. 2013, Schieffer and Dillon 2015).  Farm runoff contains chemical 
fertilizers, livestock waste, and sediment, which all flow into waterways to disrupt 
nutrient balance, cause bioaccumulation of toxins, and decrease habitat suitability 
(Rodriguez et al. 2004, Matson et al. 1997). In fact, agricultural practices in the Piedmont 
region of Virginia have already caused problems for river species (Costa 1975, Reusser et 
al. 2015).  
 
These impacts of agriculture alter the species composition in marine 
environments, but the more direct threat to biodiversity is what some call agriculture’s 
“planned diversity” and tendency to fragment landscapes (Matson et al. 1997, USDA 
NAC 2012). Monocultures in farming systems artificially restrict the amount of crop 
species on a plot of land (Matson et al. 1997). However, plant biodiversity is only one 
piece of a much larger and complex puzzle. As plant biological diversity decreases, so 
does the abundance of associated species, such as pollinators and soil biota (Matson et al. 
1997). Vast areas of farmland fragment the habitat of plant and animal species, making it 
harder for them to migrate and persist as a population (USDA NAC 2012, Bentrup 2014).  
 
As climate change continues to threaten our current understanding of landscapes 
and ecological processes, decreased biological diversity has become a more prominent 
concern. Research has shown that climate change and its underlying causes are the most 
important drivers of biodiversity loss on a global scale (Sala et al. 2000). Future 
ecological changes may be concentrated or accelerated in certain regions, but all biomes 
will experience a decrease in the abundance of species by the year 2100 (Sala et al 2000). 
In addition, temperatures in North America are projected to increase by up to 4.4 degrees 
Celsius by the end of the century, depending on the extent of human behavioral changes 
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and greenhouse gas emissions (Gonzalez et al. 2010). The Virginia Department of 
Conservation and Recreation (DCR) has identified landscape corridors in Virginia that 
allow for movement among habitat patches so that species can adapt to this shifting 
climate by migrating, and therefore have a better chance at survival (Virginia DCR 
2007). However, complications arise when species cannot adapt quickly enough to keep 
up with climatic changes. Efforts to lessen these adverse effects will require the 
collaborative work of environmentalists, researchers, and policy makers (Sala et al. 
2000).  
 
Agriculture is an industry that depends on variables like water availability, 
growing season conditions, and interactions among species, so climate change and its 
implications for biodiversity could have far-reaching effects on farms. Agriculture may 
contribute to climate change, as discussed above, but it inherently relies on the threatened 
species in a type of reciprocal cycle. Pollinators are needed in cropland ecosystems to 
fertilize plants and allow for adaptation, for example (Matson et al. 1997). Soil microbes 
are vital to biological processes necessary for plant growth (Matson et al. 1997).  
 
Warmer temperatures have caused geographic range shifts of species, prompting 
these beneficial symbiotic organisms to migrate out of areas or become extinct if 
adaptation is not possible (Verchot et al. 2007). The codependent species of symbionts 
are weakened as a result, and biodiversity as a whole decreases (Verchot et al. 2007). The 
decrease in availability of these organisms can lead to socioeconomic effects as well, 
such as crop damage, a decrease in food output, and loss of profits for farmers (Matson et 
al. 1997). However, it is not just the absence of organisms that can cause widespread 
changes in the species composition of a landscape. Some populations are immigrating 
into previously inhospitable areas, creating novel invasive species and pests that can also 
pose threats to biological diversity (Nair and Garrity 2012). This can increase the need 
for pesticides, herbicides, and fungicides, placing a financial burden on farmers (Nair and 
Garrity 2012).  
 
Integrated pest management (IPM), genetically modified crops, and farmland 
preservation have all been suggested as tools to address climate change and its 
consequences for biodiversity (Stamps et al. 2009, Smith and Oleson 2010). In Virginia, 
the DCR facilitates the Conservation Reserve Easement Program (CREP), which focuses 
on improving water quality through the use of buffers and wetlands on farms (Virginia 
DCR 2014). The United States Department of Agriculture (USDA) has also attempted to 
address environmental issues with farms more specifically by implementing the Farmable 
Wetlands and Conservation Reserve programs, which run through the Natural Resources 
Conservation Service and Farm Service Agency (USDA FSA 2014). However, of 
Virginia’s 8.3 million acres of farmland, only 58,283 acres were included in these 
programs as of 2012 (USDA NASS 2012, VDACS 2015b). With farms accounting for 
33% of Virginia’s land cover and functioning as the largest sector of the state’s economy, 
a great deal of potential still lies in these lands for climate change adaptation and 
mitigation (VDACS 2015b). The programs mentioned above may have good intent, but 
have limited realms of focus in their goals and participation is voluntary (USDA FSA 
2014, Virginia DCR 2014). An effective program concentrated on combatting climate 
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For the reasons stated above, Virginia should implement an agroforestry program 
aimed at mitigating the loss of biodiversity occurring as a result of climate change. This 
paper proposes that farms larger than 50 acres be required to implement at least one of 
the five agroforestry practices outlined in the USDA’s Agroforestry Strategic Framework 
(2011). These practices are: 
 
1. Field, farmstead, and livestock windbreaks 
2. Riparian forest buffers along waterways 
3. Silvopasture systems with trees, livestock, and forages growing together 
4. Alley cropping that integrates annual crops with high-value trees and 
shrubs 
5. Forest farming where food, herbal, and decorative products are grown 
under the protection of a managed forest canopy.  
 
The 50-acre threshold of implementation results from two considerations of farm size in 
Virginia. The average farm size in the state is 181 acres, but the median farm size is 
about 50 acres, which suggests that about half, or 25,000, of the farms in Virginia will be 
affected by this program (USDA NASS 2012, VDACS 2015b). The threshold is intended 
to exclude small subsistence farms, considering that almost 90 percent of farms in 
Virginia are owned and operated by families or individuals (VDACS 2015b). However, it 
is also meant to affect the larger farms in Virginia that currently have the largest carbon 
footprint and most significant impact on biodiversity. By targeting the leading farm 
operations, there is more potential for a substantial, widespread solution to take hold.   
 
 Firm regulations, however, tend to face opposition and obstacles in the 
policymaking process. As an alternative to this agroforestry requirement, a certification 
program could be established in Virginia that awards farms a biodiversity conservation 
designation based on the extent to which they use agroforestry on their land. In order to 
cater to the small scale and unique needs of each individual farmer, this program would 
be modeled after initiatives such as the grassroots Certified Naturally Grown program or 
South Carolina’s Certified SC Grown program (CNG 2015, South Carolina Department 
of Agriculture 2015). This program would be incentive-based in the sense that farmers 
would not only gain direct environmental and economic benefits from agroforestry 
practices, but they could use green marketing to increase profitability and public relations 
with consumers and citizens.  
 
 Technical information can easily be provided to farmers across the state to aid 
them in choosing the most advantageous practice for their land. A type of User’s Guide 
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will be published and distributed to all owners of farmland in Virginia, modeled after the 
Training Manual put together by The Center for Agroforestry at the University of 
Missouri (University of Missouri Center for Agroforestry 2013). This document will 
include a detailed explanation of agroforestry practices, as well as the benefits of 
agroforestry to the environment and farmers. An assessment template will be included 
that allows farmers to determine which of the five practices are best for a farm based on 
its size, main commodity, and terrain. To help ensure the longevity of this 
recommendation, the Guide will contain information on how to maintain the forested 
land and guarantee the future persistence of farmers’ efforts. The Guide will also 
breakdown what qualifies as each agroforestry practice, as described in the Natural 
Resources Conservation Service’s National Conservation Practice Standards (NRCS 
2011).  
A concern of farmers is that increasing species habitat through agroforestry will 
increase wildlife damage to crops, particularly by Canadian geese and white-tailed deer 
(Frazier, pers com). Therefore, the Guide will contain information on how to manage for 
these species and lessen the environmental and economic harm they may cause farmers. 
Examples include exclusion methods, repellents, frightening tactics, and state-
implemented contraception programs (Craven and Hygnstrom, Cleary 1994).  
 
Finally, the publication will include relevant success stories from various forms of 
agriculture and climates similar to those found in Virginia, in which agroforestry 
practices have already been used to combat biodiversity loss by connecting fragmented 
landscapes, building an ecosystem’s resistance to pests, and mitigating for the loss of 
beneficial species.  
 
The two current agroforestry demonstration sites designated by the USDA in 
Virginia will be described in the Guide in order to provide a tangible, realistic point of 
reference for farmers. These sites are located in the southwest region of the state and 
serve as prime examples of forest farming and the use of riparian forest buffers for the 
benefit of farmers (USDA 2013).  
 
The Guide will be compiled by several entities, including the USDA National 
Agroforestry Center, the Virginia DCR, and the Virginia Cooperative Extension, all of 
which have expertise in agroforestry practices or wildlife conservation. Current 
knowledge of temperate agroforestry will be drawn from the proceedings of 13th North 
American Agroforestry Conference and the comprehensive book, North American 
Agroforestry: An Integrated Science and Practice by (Garret et al. 2000, Kort et al. 2014).  
 
To further assist landowners in using agroforestry techniques on their property, 
workshops will be offered that provide demonstrations and examples of how to feasibly 
carry out these projects. Workshops may focus on the use of a specific crop or tree 
species in a landscape, or provide exercises regarding general implementation of 
agroforestry. Workshops will be open to all farmers, regardless of whether they fall under 
the proposed requirement. However, owners and operators of the farms larger than 50 
acres, or those who become accredited through the certification program, will be required 
to attend at least one workshop every other year. The workshops offered by Virginia 
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Polytechnic Institute and State University and Virginia Cooperative Extension will count 
towards the requirement, but the Virginia Farm Bureau Federation and the USDA 
National Agroforestry Center will also collaborate with these institutions to organize 
additional workshops throughout the state (Virginia Tech 2014). Ideas for topics and 
examples of how to demonstrate the profit potential in agroforestry will also be drawn 
from the workshops organized by the University of Missouri’s Center for Agroforestry 
and proceedings from the 12th North American Agroforestry Conference (Moorhead and 
Dickens 2012, University of Missouri Center for Agroforestry 2013).  
 
Landowners who employ agroforestry tools will secure benefits of diversified 
income. The Center for Agroforestry in Missouri has supported the use of elderberry, 
black walnuts, and specialty mushrooms as profitable products to pair with agroforestry 
practices such as cover cropping and alley cropping, and has shown that landowners 
receive significant returns for cultivating these commodities (Missouri Center for 
Agroforestry 2013). Long-term value in lumber production also exists in agroforestry, 
and strategic use of trees reduces the need to purchase fertilizers and pesticides (Missouri 
Center for Agroforestry 2013).  
 
Farmers who implement these practices will also be eligible for federal tax 
incentives currently in place through the Internal Revenue Code (IRC) in areas of cost-
share payment exclusions, conservation deductions, qualifying business property 
deductions, and reforestation deductions (Godsey 2007). In addition to these existing tax 
advantages, landowners who exceed the minimum of one agroforestry practice, farms 
smaller than 50 acres that voluntarily participate in the regulatory recommendation, and 
farms that use agroforestry to connect their land to existing conservation easements or 
preserved land will receive an additional state property tax break.  
 
The integration of trees in multiuse landscapes is not a novel concept, as 
agroforestry has already been researched and used effectively to benefit humans and the 
environment. On a basic level, planting new tree species increases the species abundance 
and biological diversity of a landscape. However, studies have found that agroforestry 
accomplishes much more. Puckett et al. (2009) discovered that riparian buffers do not 
require the use of pesticides, which allows more avian predators to inhabit the land while 
maintaining profitable crop production for the farmer. Roy and de Blois (2008) found that 
as adjacent forest area increased, so did native herb species richness, abundance, and 
diversity. All species, whether plant or animal, have maximum dispersal distances that 
they are able to travel through inhospitable land in order to reach hospitable habitat (Jose 
2009). Ultimately, strategically placing trees in a landscape increases the connectivity of 
fragmented landscapes by decreasing the distance between hospitable patches, allowing 
species to move more freely throughout an area (Bentrup 2014). This has been shown to 
be particularly beneficial, considering the previously mentioned effects of climate change 
on species migration and range shifts (Bentrup 2014).  
 
The USDA also acknowledges that riparian buffers filter runoff, which improves 
aquatic habitat and biodiversity (USDA NAC  2012). Stamps et al. (2008) found that 
alley cropping greatly reduced the survival of the alfalfa weevil, a major pest that greatly 
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reduces alfalfa yield loss in Missouri. Finally, research conducted by Green America, 
EcoVentures International, and The Association for Enterprise Opportunity in 2013 
found that 75% of businesses who used green marketing (what farmers could use if 
participating in the agroforestry certification program) saw an increase in sales of their 
products, even in the down economy from 2008 to 2011. The scientific research 
presented above, as well as the concrete environmental and economic results of the 
University of Missouri Center for Agroforestry, serve as evidence that an agroforestry 
program in Virginia will greatly benefit the biological diversity of the environment and 
the prosperity of our communities.  
 
Funding for this recommendation will be sourced from federal and state grant 
programs. Governor McAuliffe’s Agriculture and Forestry Industries Development Fund 
(AFID) finances political undertakings that support local agriculture and forestry-based 
businesses, and could be used to create the workshops and demonstration sites in certain 
jurisdictions (VDACS 2015a). The USDA Agriculture and Food Research Initiative also 
oversees the Agriculture and Natural Resources Science for Climate Variability and 
Change Challenge Area. This grant opportunity supports initiatives that reduce GHG 
emissions, increase carbon sequestration in agriculture and forest production systems, and 
prepare the nation’s agriculture and forests to adapt to variable climates (USDA National 
Institute of Food and Agriculture 2015). These objectives coincide entirely with the goal 
of the current recommendation, so the funds could be used to create the User’s Guide or 
workshops previously described.  
 
Private funding is also an option for either of the two proposed agroforestry 
programs. The National Fish and Wildlife Foundation (NFWF) Conservation Partners 
Program offers financial and technical assistance to landowners for conservation 
initiatives (NFWF 2015). This program recently allowed the city of Lake Springfield, 
Illinois to plant and monitor the use of experimental cover crops in agricultural systems 
and also prioritizes projects in the Chesapeake Bay watershed, which demonstrates the 
program’s dedication to agroforestry initiatives and its relevance to the current 
recommendation (NFWF 2015).   
 
Through the use of these funding resources, expertise of diverse governmental 
and non-governmental entities, and the cooperation of private landowners, the proposed 
agroforestry programs have incredible potential to mitigate for climate change-induced 
biodiversity loss in Virginia. This is not to say that the recommended programs are 
narrow in their focus, however. Agriculture is the largest economic sector in Virginia, 
having a total economic impact of $52 billion annually, but also provides food, 
recreation, tourism, and cultural benefits to the state’s citizens (VDACS 2015b). The 
imminent risk of global environmental changes poses threats to these commodities, which 
is why agroforestry would be a step in the right direction towards effective climate 
change mitigation, biological diversity preservation, and assurance of continue economic 
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Abstract 
Natural lands in Virginia are under constant threat from development and 
climate change (Anderson et al. 2014). Undeveloped lands provide an 
estimated $21.8 billion in ecosystem services annually in Virginia and are 
vital to the survival of the state's wildlife (Paul 2011; VDGIF et al. 2009). 
Conserving these lands will play a major role in protecting the 
environment itself, biodiversity, and economic interests as the climate 
changes in coming decades. Conservation easements—established when a 
public or private organization buys or receives a donation of select land 
rights such as development or subdivision rights—have become the most 
popular means of protecting privately owned lands (Korngold 2007).  
Virginia has a well-established easement program which offers 
landowners a state income tax credit in return for donating land rights such 
as development and subdivision rights. Currently, there are inefficiencies 
with easements which could be lessened with reform (Owley 2011, 
Rissman 2011). This paper proposes that Virginia establish statewide 
conservation priorities and switches from a flat rate credit for easement 
donations to a tiered system which provides greater incentives for 
easements on land with high conservation value (McLaughlin and Pidot 
2013). Additionally, this paper proposes that Virginia require adaptive 
language in easement terms and standardize monitoring procedures.  
 
Introduction 
Climate change presents a real and imminent threat to the land, life, and 
livelihood of Virginia (IPCC 2014). According to a recent review by the 
Intergovernmental Panel on Climate Change (2014) the global climate is predicted to 
transition at higher rate than at any previous point in human history, even if mitigation 
measures are adopted. Approximately half of the planet's land is considered to be highly 
vulnerable to large scale biome and vegetation shifts (Gonzalez et al. 2010). Natural 
lands help buffer some of the impacts of climate change and provide greater opportunities 
for adaptation (Anderson et al. 2014). Nature facilitates human and nonhuman life alike 
by providing crucial ecosystem functions and services such as maintaining air and water 
quality, preventing erosion, and offering recreational opportunities (Paul 2011). Loss of 
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some wild land and the services it provides can lead to the loss or degradation of more. 
For example, trees are natural carbon sinks. Deforestation and consumption of wood 
results in the return of this stored carbon into the global cycle and contributes to 
increased atmospheric carbon dioxide levels and climate change (Woodell et al. 1983; 
Scherr and Sthapit 2010). This same deforestation may harm the local environment in 
ways such as decreasing soil stability and reducing the land's pollution controlling ability, 
leading to further instabilities in other facets of the local environment (O'Loughlin 1974; 
Anderson et al. 1976). In addition to the environmental effects of developing land, the 
loss of nature has steep economic costs (Balmford et al. 2002). Undeveloped lands in 
Virginia provide an estimated $21.8 billion annually in ecosystem services (Paul 2011). 
Perhaps most importantly, land development greatly limits opportunities in the future to 
adapt to change. This inability to respond to the impending changes increases the 
vulnerability of ecosystems and poses a large threat to biodiversity.  
Due to the predicted rate of climate change and constraints on genetic adaptation, 
it is assumed that many species will initially respond to climate change through spatial 
changes (Opdam and Wascher 2004). If a species' present habitat changes so it is no 
longer suitable and it cannot migrate to a new location with suitable habitat, the species 
will be unable to survive. Moderate climate change models predict 15-37% of species 
will be "committed to extinction" by the midpoint of the century (Thomas et al. 2004).  
Virginia's Wildlife Action Plan identified 900 species native to the state which are 
already greatly affected by habitat loss and fragmentation and notes that climate change 
and further land development will exacerbate this problem (VDGIF et al. 2009). Habitat 
loss can cause declines in species richness, abundance, and distribution—all measures of 
biodiversity; limit genetic diversity; negatively affect population growth rates; and alter 
animal behavior among other effects (Fahrig 2003). Habitat loss is a further detriment to 
species because it reduces the amount of unique and high quality habitats.  
Microclimates, the result of a diverse landscape which may exist on a scale of 
tens of meters, provide refuges which allow organisms to exist in regions where they may 
not otherwise and are expected to provide a buffer protecting against certain local effects 
of climate change (Anderson et al. 2012). Altering the landscape in these areas can 
destroy the microclimates and make the land unsuitable for its inhabitants.  
Additionally, habitat loss creates habitat fragmentation by splitting suitable 
habitat into isolated patches. Fragmentation increases the ratio of edge habitat to core 
habitat. Although some species do thrive in the microhabitats and niches found in habitat 
edges, many others are dependent on the core habitat for survival (Laurance 2008). If the 
habitat fragmentation is caused by development or road construction, remaining habitat 
may be subjected to additional detriments such as the road effect (Forman and Deblinger 
2000).  
Fragmentation—whether it is by presenting physical blocks such as roads, dams, 
or development or juxtaposing different land covers—decreases permeability and 
connectedness of landscapes. High permeability and connectedness allows for easier 
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migration by species (Anderson et al. 2014). Depending on the degree of fragmentation, 
migration can be inhibited or entirely blocked (Opdam and Wascher 2004).  
Virginia is filled with valuable natural lands, spanning from the Atlantic coastline 
to the Allegheny Mountains. The vegetation of much of the state is among the half of the 
planet identified as highly vulnerable to change in response to climate change (Gonzalez 
et al. 2010). However, the Nature Conservancy has identified many highly resilient lands 
throughout the state. This is not to say the land will not change. Rather, because of its 
combination the diversity and connectedness of the landscape, this resilient land has a 
high likelihood of maintaining its diversity and ecological function as it adapts to climate 
change (Anderson 2012; 2014). To protect the state and its inhabitants, both human and 
not, Virginia must conserve the resilience of its land. 
 
Land Conservation in Virginia 
Land conservation is necessary to minimize the loss or degradation of natural 
habitats (Owley 2011). The most powerful tool of conservation is buying land and 
removing decision-making powers from other individuals (K. Duhring, pers. comm.). 
However, it is impossible to protect biodiversity and natural habitats strictly through 
obtaining land. Land is expensive. It is financially unfeasible, even through the combined 
efforts of every environmentally interested party, to purchase enough land to provide 
adequate protection to everything which needs protecting.  
Purchasing land also comes with additional responsibilities such as land 
management which add to the economic burden (Owley 2011). Although publically 
owned land is an important facet of conservation, it alone is not enough to protect and 
prepare the state. Many privately owned lands have features which make them of high 
conservation value. For example, over 90% of endangered species in the United States 
can be found on private lands (Scott et al. 2001). Although habitat critical to the survival 
of endangered species may get some protection from the Endangered Species Act, private 
landowners are limited in their obligations in protecting the land. Alternative means of 
conservation are necessary to guide decision making on private land. 
Easements are the most prominent way of conserving privately owned land, with 
holdings increasing by almost 150% in the first five years of the century and continuing 
to grow rapidly (Korngold 2007). An easement—whether a conservation easement held 
by a private nonprofit organization or an open space easement held by a public body—is 
a legal agreement between a landowners and an easement-holding organization in which 
the landowner surrenders certain property rights. The specific rights which are 
surrendered vary between agreements, but typically limit developing and subdividing the 
property at a minimum (Owley 2011). Regardless of the specific terms within the 
easement agreement, the easement is perpetual and permanently bound to the deed of the 
property. Allowing the purchase or donation of partial interests in the land through 
easements can be more efficient that outright purchasing land as it allows for the transfer 
of only the rights deemed necessary to conservation (Korngold 2007). This allows 




Virginia currently has a strong easement program. Currently, Virginia offers 
landowners a state tax credit worth 40% the fair market value of a donated easement, 
allowing deductions of up to $100,000 for the year of donation and the subsequent 10 
years. Landowners with a low tax burden can sell unused credits. Up to $100 million in 
tax credits may be issued annually (Va. Code § 58.1-512). To qualify for donation, the 
land must meet at least one of eight conservation purposes, including agricultural use, 
forestal use, historic preservation, or natural habitat and biological diversity. The terms of 
the easement must be set to protect that purpose of conservation. 
Easements are a strong tool for conservation, but the system has room for 
improvement. The current approach to easements results in inefficient conservation and 
consequentially inefficient use of public money. Some of these inefficiencies may be in 
the nature of easements and are difficult to address; others, however, can be addressed 
through a series of reforms. 
 
Recommendation 
Establish Statewide Conservation Priorities & Use a Tiered Incentive System 
Two primary criticisms of easements are that they are not conserving the most 
valuable land and haphazard acquisition of easements is reducing their effectiveness. 
These faults are the consequence of a number of factors. 
Firstly, conservation and open space easements are entirely voluntary. Many 
landowners cite desire to protect the land as a motivating factor in accepting an easement, 
but this alone is often not incentive enough (Rissman 2011). The state tax credits provide 
additional encouragement to landowners to agree to easements, but ultimately, they 
cannot be forced to place an easement on their land (Owley 2011). Lands with high 
ecological value which should be of highest priority for conservation tend to have high 
economic value, so landowners are less willing to give up perpetual rights (Rissman 
2011; Margules and Pressey 2000). Rissman (2011) notes that because landowners face 
less significant lost opportunity costs, owners of lower value lands are more likely to 
agree to the terms of an easement. Such lands frequently are less threatened by 
development or land use change (Rissman 2011). This lower threat in addition to lower 
conservation value results in public money not being used to maximize the public benefit. 
This logic may fail because maximum benefit might be achieved through conserving 
lower value land if that lower value land is the highest quality being offered. Regardless 
action should be taken to reduce this inefficiency and maximize the value of land 
conserved through easements. 
Additionally, because easements are often established wherever qualifying land is 
offered, easements across the state generally are patches isolated from other conserved 
lands and therefore vulnerable to becoming habitat fragments as the surrounding area is 
developed (Owley 2011). Even under ideal conditions where large quantities of 
landowners were interested in creating easements, patchiness is still likely because there 
no unified plan and all easement-holding organizations are acting independently 
(Margules and Pressey 2000). While these patches may act as refuges for some species, 
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their effect on the imminent climate change-caused migrations is limited as most wildlife 
movement occurs on a scale larger than most property boundaries (Rissman 2013). 
Virginia does require easement holders to register their holdings and this information 
available in a public database (Va. Code § 10.1-1012), and multiple Virginia agencies 
and organizations have created models to identify targets for conservation (e.g. 
Department of Conservation and Recreation (DCR)'s Virginia ConservationVision), but it 
is unclear what influence these data have on decision making by various groups.  
To address the above inefficiencies, this paper proposes that Virginia switch from 
a flat rate credit for easement donations to a tiered system which provides greater 
incentives for easements on land with high conservation value and reduces the credit 
provided for easements on lower value land (McLaughlin and Pidot 2013). 
To enable this reform, Virginia should first create a statewide plan which ranks 
and prioritizes land based on its conservation value. Factors which should be considered 
when determining conservation value for easements with ecology-related purposes 
should include—but are not limited to—biodiversity, land resilience, land cover, threat of 
development, and proximity to existing protected lands (Margules and Pressey 2000; 
Parkhurst et al. 2002). Easements with a historical conservation purpose should be 
evaluated on separate criteria. An organization should be delegated the task of creating 
this plan. The DCR is a natural option for a lead agency for this project as it already is 
tasked with creating the Virginia Outdoors Plan, maintaining Virginia 
ConservationVision, and leading the Virginia Land Conservation Foundation—all of 
which relate in part to evaluating the conservation value of land. However, other agencies 
and organizations should be given opportunities to provide relevant data and voice ideas 
regarding what factors should be weighed. This valuation and the resulting priorities 
should be updated semi-regularly to account for changes to the land caused by human 
action, climate change, or any other events. 
Ideally, implementing these changes will result in obtaining easements on more 
land of high ecological importance without altering the total amount of tax credits given 
annually. None of these changes affect the fundamental processes of the easement 
program. Landowners will still enter it voluntarily and easement-holding organizations 
are free to establish easements on any qualifying land. These recommended changes will 
hopefully influence the decision making processes to increase the likelihood of easements 
being established in clumps on high quality land, maximizing the ecological and public 
benefit. 
Require Adaptive Management Plans in Easement Deeds 
Easements are unique in the perpetual protections that they offer. However, if 
easements are written to be fully static, this perpetual nature can cause a future loss of 
efficiency. Although there are many models of what may happen because of climate 
change, it is unlikely that a static easement will properly serve the conservation purpose 
of the agreement both now and decades from now without a loss of efficiency.  
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In order to protect the conservation purpose, some easement holding 
organizations and landowners desire strict language which clearly defines responsibilities 
so expectations are known from the beginning and the current and future landowners 
have no room for interpretation (T. Smith, pers. comm.). However, such agreements 
greatly limit adaptation in response to changes in scientific knowledge or climate change 
and can result inefficient behaviors or burdens on future generations (Greene 2005; 
Richardson 2010). 
This paper proposes that Virginia require the inclusion of adaptive management 
plans in easement terms. These plans should require that the landowner manages the land 
in a manner consistent with preserving the conservation purpose of the easement rather 
than require specific management techniques. Many agencies including the DCR and 
Department of Forestry already recognize that environmental factors will change in the 
future and use such language when preparing easements (T. Smith, pers. comm.). This 
reform would only impact the remaining organizations which still avoid dynamic terms.  
Set a Minimum Monitoring Requirement 
Dynamic easement terms increase the importance of monitoring by easement 
holders. If the land is not properly managed to reasonably protect the stated conservation 
purpose, the value of the easement is lost. Monitoring places a perpetual financial burden 
on easement-holding organizations, but monitoring is a necessity to ensure proper 
stewardship of the land (McLaughlin and Pidot 2013). All major easement-holding 
organization within Virginia alert landowners that they should expect monitoring for 
compliance if they agree to an easement. However, Virginia has no mandated standard 
for monitoring. Currently, Maine, following its successful 2007 easement reforms, is the 
only state with a monitoring requirement (McLaughlin and Pidot 2013). This paper 
proposes that Virginia follow in Maine's lead and establish a minimum monitoring 
requirement.  
Regular monitoring, though a small burden, should not be prohibitive. In Maine, 
where 10% of the state's land is covered by easements, 90% of easements were in 
compliance with the monitoring requirement (Pidot 2010). To control the financial 
burden of monitoring, opportunities to involve the landowner in the monitoring process 
should be considered. Potential means for this include self reporting land use annually to 
supplement biennial or triennial monitoring by the easement-holding organization. 
Ultimately, these additional burdens may have a positive influence as they may force 
easement holders to limit their holdings so they can provide proper stewardship to them. 
This may cause a selective pressure away from low value easements. 
Conclusion 
Climate change is forcing states to reconsider how they approach land 
conservation in the interest of both human and nonhuman lives. Although Virginia is 
ahead of many other states by offering high incentives for the creation of easements and 
allowing for the transfer of state tax credits (CRC 2007), the easement program needs to 
adapt to decrease inefficiencies and allow for flexibility in an uncertain future. Focusing 
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the creation of easements towards priority areas will help maximize benefit gained from 
the program. Adjusting how easements are written and monitored will ensure that 
easements continue to benefit the public perpetually. Together, these changes will assist 
Virginia in adapting to the stresses of climate change. 
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In Virginia, invasive species cost the state approximately $1 billion annually due to forest 
loss and crop damage (Pimentel et al. 2005). There are approximately 38 invasive species 
managed and monitored in Virginia (VISWG 2012). Native species are not adapted to 
compete with invasive species and suffer as a result, which affects biodiversity (Tausch 
2008). Invasive species alter the balance of ecosystems, reducing biodiversity and 
ecosystem health (Gamfeldt et al. 2008). Climate change is another driver in the success 
of invasive species as they are better adapted to withstand climate changes over native 
species (Duke and Mooney 1999). To combat invasive species in Virginia this 
recommendation proposes the establishment of early detection and rapid response 
Invasive Management Teams (IMTs). IMTs will be responsible for locating, assessing, 
monitoring, and removing invasive species across the state. IMTs will be lead by 
qualified invasive species individuals from the Virginia Invasive Species Working 
Group. IMTs will be under the advisement of the Virginia Invasive Species Working 
Group with operations overseen by the Virginia Department of Conservation and 
Recreation and collaboration from other state and federal governmental agencies. 
Funding for the taskforce will stem from the current state and federal governmental 
funding for invasive species (NISC 2014). Virginia needs a stronger initiative to combat 




The Southeastern United States is exceptionally vulnerable to climate change in 
the form of sea level rise, extreme heat events, intense hurricanes, and decreased water 
availability (Carter et al. 2014). Temperatures since 1970 have increased an average 2°F 
across the Southeast with annual temperatures continuing to increase during this century 
(Carter et al. 2014). By the end of the century the average temperatures in Virginia will 
increase by 5.6°F (Governor’s Commission on Climate Change 2008). The major 
consequences of warming include significant increases in the number of hot days and a 
decrease in freezing events that throw off the balance of ecosystems along the Southeast 
(Montoya and Raffaelli 2010). Specifically in Virginia, climate change is likely to 
experience climate change impacts from sea level rise along the coast, increasing air and 
water temperatures, and changes to precipitation patterns (Kane et al. 2013). Research 
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indicates climate change is already having a significant impact on natural systems across 
the Virginia regions of the Chesapeake Bay and further changes are projected in the next 
few decades (Pyke et al. 2008). 
 
The Southeast is home to several unique ecosystems, such as the Chesapeake Bay, 
and as climate change tightens its grip these special places will experience detrimental 
shifts. Ecosystems are comprised of species and elements embedded in a complex 
network of interactions (Gamfeldt et al. 2008). These interactions support integral 
ecosystem services that provide humans with clean water, clean air, natural resources and 
protection from weather events (Lant et al. 2008). Ecosystems are altered through climate 
change impacts including sea level rise and increased temperatures. Not only are 
ecosystems important to humans through ecosystem services but they also support 
biodiversity (Gowdy 1997).  
 
An important aspect of a healthy ecosystem is a high level of biodiversity. The 
diversity of species and communities is an important aspect of biodiversity that governs 
the efficiency of ecosystem processes and successfulness (Gamfeldt et al. 2008). 
Biodiversity is critically important for the long-term survival of the human species and 
biodiversity is being lost at an alarming rate (Gowdy 1997). Virginia is ranked 12th in 
regards to species diversity for the United States and with over 900 species threatened by 
the loss or degradation of habitat (Kane et al. 2013). 
 
One of the threats to biodiversity in the Southeast and Virginia comes from the 
increase of invasive species. Invasive species are a serious problem in the United States 
and these intruders are thriving because of climate change. Invasive species are defined 
as non-native species whose introduction does or is likely to cause economic or 
environmental harm or harm to human health (Executive Order No. 13112).  
 
Invasive species are likely to increase with climate change as they succeed in 
environments where there are increased ecosystem disturbances, altered weather changes 
and increased stress to native species (Tausch 2008). As invasive species flourish in 
climate change pressured environments, they outcompete and eventually force out native 
species, as the native species cannot adapt as rapidly to climate change affects (Duke and 
Mooney 1999). Invasive species are so successful at outcompeting native species because 
they grow and disperse their seeds rapidly and have little to no natural predators. If the 
climate becomes more suitable to invasive species, the damage they are likely to cause, 
and the possible collateral impacts related to their control, could both be intensified 
(Kane et al. 2013).  
 
With invasive species taking over and outcompeting native species, Virginia 
ecosystems become less diverse and the overall biodiversity is threatened. In Virginia the 
Virginia Department of Conservation and Recreation Natural Heritage Program has 
identified 90 invasive alien plant species that threaten protected lands in Virginia 
(Heffernan et al. 2014). Invasive species are a serious problem in Virginia as the state has 
12 invasive species of high concern (VISWG 2012). Invasive species also caused an 
annual economic loss in the United States of $120 billion including crop damage, forest 
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loss and human diseases and approximately $1 billion annually in Virginia (Pimentel et 
al. 2005). All of these invasive species either outcompete or harm native species and have 
the potential to threaten biodiversity throughout the state (Wilcove et al 1998).  
 
A few invasive species that currently threaten Virginia include: 
 
• Kudzu (Pueraria montana) is an invasive plant native to Japan. Kudzu rapidly 
grows up and over other vegetation creating a dense canopy with its large leaves, 
blocking sunlight from reaching other plant species (VISWG 2012). Annual costs 
to control kudzu by power companies in the Southeastern United States have been 
estimated at $1.5 million (Britton 2002). 
 
• Northern snakehead fish (Channa argus) is an aggressive predator that can reach 
up to lengths of four feet. Snakeheads have the potential to drastically alter 
freshwater ecosystems by out competing native fish species (VISWG 2012). This 
species also has the ability to breath out of water to travel between water bodies 
(VISWG 2012). 
 
• Phragmites (Phragmites australis) is a tall grass species that invades brackish 
wetlands (VISWG 2012). Phragmites engulfs other marsh plants and creates a 
habitat lacking value to wildlife (VISWG 2012). Once established in an area it is 
difficult and expensive to control (Marks et al. 1993). 
 
• Emerald ash borer (Agrilus planipennis) is a small beetle native to Asia. The 
larvae feed on the inner bark of ash trees, disrupting the tree’s natural ability to 
transport water and nutrients (VISWG 2012). Emerald ash borers have killed 
millions of ash trees, potentially costing hundreds of millions to billions of dollars 
to forestry industries (Snydor et al. 2007). 
 
Measures have been taken nationally to combat and deal with invasive species 
through the creation of the National Invasive Species Council (NISC 2005). The NISC 
was established to prevent the introduction of invasive species, provide for their control 
and to minimize the economic, ecological, and human health impacts that invasive 
species cause (Executive Order No. 13112). NISC is comprised of members from thirteen 
federal departments and agencies that work together set national goals as well as advise 
state level initiatives. Virginia has established its own Invasive Species Advisory 
Committee (VISAC) and Invasive Species Working Group (VISWG) to specifically deal 
with invasive species within the state. VISAC includes representatives from the 
Department of Transportation, the Department of Health and Human Services, academic 
researchers, private citizens, non-profit conservations organizations, and private business 
associations (VISWG 2012).  
 
VISWG members include the Department of Conservation and Recreation, 
Department of Game and Inland Fisheries, Department of Environmental Quality, 
Department of Forestry, Department of Agriculture and Consumer Services, Department 
of Health, Department of Transportation, the Marine Resources Commission, the 
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Virginia Cooperative Extension, Virginia Institute of Marine Sciences, representatives of 
the agricultural and forest industries, the conservation community, interested federal 
agencies, academic institutions, and commercial interests (VISWG 2012). The VISWG 
works to prevent additional introductions of invasive species, maintain native species to 
replace invasive species, implement targeted control efforts, identify and report 
appearance of invasive species, implement immediate control measures, and recommend 
legislative actions or pursue grants (VISWG 2012).  
 
The establishment of the VISWG is a productive start to protect Virginia from 
invasive species. Despite these efforts, many invasive species have been able to persist in 
Virginia (Kane et al. 2013). The VISWG needs an operational group, and the resources to 
support it, that will respond to invasive species calls, assess the situation first hand, and 
report findings efficiently. 
 
Invasive Management Team 
 
In order to prevent the continuous growth and movement of invasive species in 
Virginia an early detection and rapid response group, Invasive Management Team (IMT), 
is needed to monitor and remove invasive species. These teams will be established 
around the state and divided up into regions using the Virginia State Park Regions 
already established (Figure 1). The IMTs will be under the advisement of the VISWG 
with daily operations overseen by the Virginia Department of Conservation and 
Recreation (VDCR). IMTs will also collaborate with other state and federal governmental 
agencies with the control remaining under the VDCR. Representatives from the VISWG 
will lead IMTs, as they are experienced in dealing with invasive species. The IMT will 
serve as the operational taskforce of the VISWG to complement to the strategic planning 
of the VISWG. Instead of having several state agencies monitoring and responding to 
sightings of different invasive species these groups will be at the forefront handling 
invasive species incidents and infestations. Federal agencies will collaborate with 
VISWG and the VDCR as invasive species do not stay within state boundaries and a 
working relationship is needed to combat invasive species. IMTs respond to calls from 
local communities about invasive species sightings and go to the locations and assess the 


















The structure of the IMTs in Virginia would be based on the National Park 
Service Exotic Plant Management Team. The National Park Service (NPS) has already 
implemented a management team to handle invasive plants in national parks. The Exotic 
Plant Management Team (EPMT) assists parks in preventing introductions of new 
species, reducing infestations, and restoring native plant communities and ecosystem 
functions (NPS 2007). Individuals with specialized knowledge and experience in invasive 
plant management lead the EPMTs. This would be the same for the IMT with the leaders 
being experts from the various agencies in the VISWG. EPMTs cooperate and 
collaborate with parks and agencies to utilize invasive species experts, volunteers and 
landowners in managing invasive species in the parks (NPS 2007). EPMTs inventory and 
monitor invasive species in order to have accurate information when developing 
management strategies, such as treatment and control (NPS 2007). The NPS EPMT 
program also employs an early detection and rapid response aspect to identify new 
invasive species in an area and treat the area before the invasive species spreads (NPS 
2007). The annual report from 2012 indicated that the Mid-Atlantic EPMT, including a 
Shenandoah EPMT, treated or retreated 410 acres, inventoried 4358 acres, monitored 370 
acres, measured 4729 acres of gross infested area, and measured 484 acres if infested area 
(Beard and App 2012). The Shenandoah EPMT treated a 20-acre area for mile-a-minute 
(Persicaria perfoliata) and assisted Shenandoah National Park staff in a fuels reduction 
project to remove brush and trees around vital park buildings (Beard and App 2012). The 
NPS EPMT program is successful in collaborating, monitoring and controlling invasive 
species in the Southeast and the IMT program should utilize a similar structure.  
 
Education seminars conducted by IMTs will be taught in local communities to 
train locals about identifying invasive species in the area. By connecting with 
communities, volunteer programs can be established to provide IMTs with more 
assistance in the monitoring and removal of invasive species. IMTs can work with the 
Virginia Master Natural Program to access conservation-minded volunteers to aid IMTs. 
Another method to gain more assistance is to connect with universities as well as 
communities. Connecting with universities throughout the state will supply the needed 
manpower to monitor, assess, remove and report on invasive species findings. Working 
with universities could potentially provide funding to the IMTs through state-level grants. 
University students and professors can work with IMTs to better understand invasive 
species and their movements around Virginia. Students can also volunteer their time in 
assisting the IMTs as they manage invasive species or educate the community. Education 
will be another key element in implementing IMTs successfully in Virginia. The public 
needs to be trained and educated about identifying and handling invasive species. This is 
so they are able to accurately inform IMTs about the sighted species and join in the effort 
to reduce their impact on the environment.  
 
The IMT will map and monitor the spread of invasive species to predict where 
they have the potential of moving to next. By creating these early detection and rapid 
response groups the process of detecting and responding to invasive species is 
streamlined. As well as removing invasive species where possible, the movements of 
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invasive species can also be monitored. There are different methods in removing invasive 
species including reducing the overall spread and ground control and management. 
Preventing the spread of invasive species can be achieved through more cleaning 
treatments near nature trails and limiting the movement natural resources, such as 
firewood and all of which would be led by IMTs. Ground control and management 
include lobbing plants and spraying certain pesticides to prevent re-growth in areas where 
invasive species have been removed. For invasive wildlife specialized hunting permits 
can be issued to professional licensed hunters to reduce population numbers. IMT leaders 
would assist professional hunters to ensure safe and humane protocols for both hunters 
and invasive species. IMTs would also utilize human traps to capture invasive species in 
areas where hunting is not a safe method.  
 
Funding to finance IMTs and their efforts can come from the VDCR as the 
VISWG does not have the funding to support this program. The IMT will be 
implementing the actions put forward by the Virginia Invasive Species Management 
Plan, recommended by the VDCR and VISWG, with part of the allocated invasive 
species budget from VDCR covering the IMT efforts. VDCR currently has invasive 
species programs, Recreation Division of Natural Heritage, so part of the funding that 
goes into those efforts can be divided with the IMT program.  
 
Applying for grants from universities, state and federal programs could provide 
the IMT the funding to maintain operations. Connecting with universities could open up 
the IMT to state-level research grants from universities completing research and projects 
on invasive species. Grants could also come from the Virginia State Wildlife Grant 
Program as they recently funded the eradication of invasive zebra mussels from a 
Virginia Quarry in 2006 (VDGIF 2010). VISWG could also apply for federal grants to 
support the IMT’s work in combating invasive species. Some of these grants include 
Native Plant Conservation Initiative, U.S. Department of Agriculture Grant and 
Partnership Programs for Invasive Species and Program of Research of the Economics of 
Invasive Species Management. 
 
If grants and reallocating funds from the VDCR then funding could also come 
from the federal level. Invasive species do not follow or abide by state boundaries and 
regulations and collaborating with federal agencies could provide the financial backing to 
support the IMT program. The federal governmental agencies that receive invasive 
species funding are the Department of Agriculture, Department of Commerce, 
Department of Defense, Department of Homeland Security, Department of the Interior, 
Department of State, and Department of Transportation. The 2014 federal governmental 
agency funding for invasive species efforts focused on prevention, early detection and 
rapid response, control and management, research, restoration, education and public 
awareness, and leadership and international cooperation (NISC 2014). The total actual 
funding was reported at $2 billion divided up between the federal governmental agencies 
for the different invasive species categories (NISC 2014).  
 
Implementing Invasive Management Teams is a proactive step to protect Virginia 
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As temperature trends increase on Earth and the negative effects of 
anthropogenically driven climate change become clearer, the diversity and 
health of our natural resources continues to be threatened at a growing 
rate. Riparian, or streamside, zones are one of these natural resources that 
under normal conditions, provides an enormous variety of ecosystem 
services: habitat, food, and shelter for organisms; biological and physical 
buffers to pollution and sedimentation. As temperatures increase, the 
patterns of the season change causing abnormal flooding and drying, 
which both can be detrimental to the ecosystem (National Park Service, 
2006) and this natural riparian buffer. Future stewards of these zones will 
need to consider what and where to plant in order to mitigate the effects of 
temperature change, and cointinue to carry out ecosystem services (Kane 
et al. 2013).  
 
Virginia should add a riparian zone protocol to the Adopt-a-Stream 
program run by the Virginia Department of Conservation and Recreation 
to assist in the migration of plants, as well as restore existing resilient 
species and those plants that successfully compete with invasive species. 
Trained volunteers could choose between planting in the riparian zone and 
submitting reports of the species they find to program coordinators, to 





Greater understanding of the impact of anthropogenic activity coupled with more 
accurate and detailed geological data has begun to show that what we once believed to be 
a slow climate change process is now speeding up at an unprecedented rate. The general 
warming of the Earth is now predominantly caused by human activity, which since 1750 
has increased concentrations of carbon dioxide (primarily from fossil fuel activity and 
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changes in the usage of land) and increased levels of methane and nitrous oxide due to 
agriculture (IPCC Secretariat 1997). These temperature increases are causing changes in 
rainfall and runoff patterns, and disturbances in  biological communities (Palmer et al. 
2013). Proactive responses must begin now at the watershed level, taking into account the 
unique makeup of each individual system and each jurisdiction's financial capacity 
(Palmer et al. 2013). Although the environment has natural protections against such 
climate oscillations, the changes that are occurring now are beginning to overwhelm this 
balance.  
 
One of the most important barriers that the natural world has devised is found on 
the banks of a water body, commonly known as the riparian or streamside zone, "the 
interface between terrestrial and aquatic ecosystems...they encompass sharp gradients of 
environmental factors, ecological processes, and plant communities” (Naiman and 
Decamps 1997). Because riparian zones act somewhat like a semipermeable membrane, 
they are difficult to define in terms of their geographical and spatial extent, but their 
value cannot be understated. This part of our environment can be observed at various 
scales. At the finest scale, it is the area where water and plants meet, and here it is 
immediately clear that it is an area of transition (Gregory et al. 1982) or ecotone. These 
are known to be areas of high biodiversity extremely responsive to changes in climate 
(Risser 1993). Riparian zones can also be viewed as the surrounding streambanks of 
flood plains. At this level, we can begin to better understand the dynamic nature of this 
ecosystem and the disturbances that go along with it such as fires or insect outbreaks, 
which helps develop better large scale management practices (Moore and Richardson 
2012).  
The largest scale we can use to observe riparian zones encompasses their 
biological, physical, and chemical inputs, which influence their above- and below-ground 
processes. This ultimately creates a “zone of interaction extending upward and outward 
from the stream through the overhanging canopy” (Gregory et al. 1982). For Virginia, 
riparian zones can impact the health of larger water bodies such as the Chesapeake Bay, 
because of the adaptations or properties of the plant life and soils in those ecotones 
(Kaushal et al. 2008).  
 
Under normal conditions, riparian zones provide an extensive list of benefits to 
the surrounding area. First, they prevent mass erosion and flooding through specialized 
root systems that not only hold large amounts of water, but are also adapted to allow the 
transfer of oxygen even when the plant is submerged underwater (Svejcar 1997). 
Furthermore, the streamside zones provide habitat and food for a wide array of both 
terrestrial and aquatic organisms, create microclimates by providing shade or blocking 
wind, and act as passages or corridors for organisms on the move (Naiman and Decamps 
1997). For example, a study conducted on birds described major population decreases 
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when riparian strips were removed from the environment, likely indicating that the 
presence of this transition area provided the necessary habitat and food many of the birds 
needed to survive (Darveau et al. 1995).  
 
Even more remarkably, especially when considering the massive toll human 
activity is taking on the environment, riparian zones act as a natural nutrient and pollutant 
filter. North Carolina has riparian zones to thank for removing 80-90% of the sediments 
that flow out of agricultural fields in the state (Naiman and Decamps 1997). Physical 
barriers such as soil structure held together by riparian areas have been shown to trap 
more that 50% of the sediments that flow in from the uplands (Naiman and Decamps 
1997). This zone also provides biological barriers to pollutants and sediments: “Riparian 
forests are especially important sites for biotic accumulations of nutrients because 
transpiration may be quite high, increasing the mass flow of nutrient solutes toward root 
systems, and because morphological and physiological adaptations of the many flood-
tolerant species facilitate nutrient uptake under low-oxygen condition” (Naiman and 
Decamps 1997).  
 
Clearly, the health of the riparian zone is key to maintaining the stability of vast 
food webs that interact in this part of the environment as well as aiding in the chemical 
balance our waters. Unfortunately, this natural barrier and the biodiversity it supports is 
under threat due to human action.  
 
Climate change poses a serious threat to riparian zone health, especially in the 
overall increase in temperatures. The U.S. Fish and Wildlife Service found that 
increasing temperature plays an enormous role in changes in the timing of streamflow 
and the interactions between the atmosphere and the water. Higher water temperatures 
increase the transfer of volatile and semi-volatile compounds from the water to the air. 
Climate change also leads to more plentiful algal blooms and larger amounts of bacteria 
and fungi, which all reduce water quality (Tillmann and Siemann 2007).  
 
Changes in temperature can impact the cycles as well as the amount of freezing 
and melting of snow. This alters the width and character of stream channels and the 
erosion of stream banks. River systems are also areas of frequent disturbance which make 
them more prone to invasive species (Richardson et al. 2007). Major increases in the 
water levels drive out the roots of old plants and make room for new invaders while 
drying exposes more soil and makes room for invasive species (Richardson et al. 2007). 
Intensification of the water cycle, seen in both floods and droughts, increases the 
disturbances of riparian habitats making them more susceptible to nonnative invasive 
species. This drives out native species and reduces ecosystem value, making that system 




Plants as well as animals can be negatively impacted by increasing temperatures. 
Temperature directly influences how plants retain and release oxygen and water in their 
leaves. Increases in temperature increase the rate at which plants lose water through 
evaporation and the rate at which water evaporates, which drives drying in the ecosystem 
(Tillmann and Siemann 2007). Not only does climate change negatively impact the biotic 
factors of the riparian zone, it also has the potential to alter soil makeup: “higher 
temperatures may raise the rate of mineralization of organic matter in catchment soils, 
releasing carbon, phosphorus and nitrogen, and particulate phosphorus input may also be 
raised from increased erosion of catchment soils” (Tillmann and Siemann 2007). Perhaps 
hardest to monitor is that organisms can have trouble adapting. Organisms from lower 
latitudes are beginning to migrate northward to find cooler temperatures and those that 
cannot move fast enough face local extinction (Tillmann and Siemann 2007). As human 
development reduces habitat, and as the effects of climate change alter habitat overall, 
this process is becoming more and more difficult, especially when one considers the role 
of the riparian zone as a corridor.  
 
Recent studies carried out in the Piedmont Region of central Virginia have shown 
that riparian destruction and deforestation “will continue as long as humans assign a 
higher value to wood products and agriculture than to ‘ecosystem services’...provided by 
the forest, such as watershed protection, wildlife conservation, and carbon sequestration” 
(Sweeney et al. 2004). Virginia should begin to focus on bolstering the health of its 
riparian zones, not only as a way to ultimately improve water quality in the state, but also 
as a way to assist migration of organisms.  
 
 
Riparian Zone Protocol Recommendation: 
 
The Virginia Department of Conservation and Recreation already has a volunteer 
program in place where citizens can join together in groups of nearly any size and 
propose cleanups to the area of their choosing. The VADCR’s “Adopt-a-Stream” 
program encourages participants to pick a waterway for which they will be be responsible 
over for two years. They must conduct cleanups during this time and must also use 
resources set forth by the VADCR to advertise their cleanups to the public to get more 
volunteers.  
A protocol to address riparian zone health should be added to the Adopt-a-Stream 
program.There will be two different types of volunteers. Type I volunteers will be 
provided with lists of different riparian and native plants that do well in Virginia. They 
will be given information about each plant on the list and information on where to 
purchase seeds or saplings. Furthermore, this list will include species of riparian plants 
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that are already migrating northward from places like North and South Carolina and have 
already been shown to do well in Virginia’s environment.  
 
Type I volunteers are therefore going to be very heavily involved in the assisted 
migration goal of the recommendation. Over the two-year span, they are responsible for 
tending the plants or replanting with different species from the approved list. It is 
prohibited to plant species that are not on the approved list, to prevent the spread of 
invasive or non-native species.  
 
Type II volunteers would be responsible for plant identification during distinct 
seasons throughout their time in the program to ensure that the data collected can show 
the fullest range of life of plants in the area, along with date, time, temperature, and GPS 
coordinates. They could monitor the migration of species. Abundances of different 
species can also speak to the health of the area and the VADCR will be able to use this 
data to better target riparian and deforestation mitigation efforts. Volunteer safety, age, 
and group requirements would not be different from those in the existing Adopt-a-Stream 
program. 
 
Species of Note 
 
When considering what plants will be on the approved list for type I volunteers to 
use, we must consider 3 things: whether the species is native, whether the species does 
well in the riparian zone, and whether the species has or will migrate into Virginia. Sheila 
Barnett of the Adopt-a-Stream program (VADCR) explains that current suggestions 
mainly focus on planting native plant species as a way to fight invasives- plants that are 
introduced into an area and reduce the ability of native plants to compete for resources 
and survive. As of 2012, the VADCR reports that, “losses due to invasive species in 
Virginia may be as high as one billion dollars annually” (Virginia Invasive Species 
Working Group 2012) and that, “90 invasive plant species...threaten or potentially 
threaten our natural areas, parks and other protected lands in Virginia” (Virginia 
Department of Conservation and Recreation 2015).  
 
Depending on the type of invasive plant plant species, certain native species can 
be planted that will still survive even in the presence of the invader. For example, 
Chinese Silvergrass (Miscanthus sinensis) and Rough Bluegrass (Poa trivialis) are both 
invasive grasses found in Virginia. However, hardwood trees can still survive in the 
presence of invasive grasses. Such tree species include Black Walnut (Juglans nigra) or 
the Shagbark Hickory (Carya ovata) which are both are native to Virginia and, according 
to the Common Trees of Virginia Identification Guide, do especially well along streams 




Next, type I volunteers can be directed to look at plants that already are doing 
well along riparian zones. Black Willows (Salix nigra), for example, are found all over 
the state of Virginia and are, “common along streams, in wet depressions and other areas 
with the water table close to the surface” (Common Trees of Virginia Identification Guide 
2007). Other smaller plants that are both native and found in the riparian zone include the 
herbaceous Flat-top White Aster (Aster umbellatus), the Virginia Wild Rye grass (Elymus 
virginicus), and the American Beautyberry shrub (Callicarpa americana).  
 
Virginia state agency research already makes it clear that it will “be necessary to 
consider climate impacts on the vegetation selected to make sure that we are planting 
trees in the right places to ameliorate increases in temperatures and that the trees that will 
themselves be resilient under changing climate conditions. Selecting appropriate tree 
species and encouraging healthy forests will also help facilitate the infiltration of water 
from the surface into groundwater systems” (Kane et al. 2013). Therefore, Virginia 
should consider recommending the Bald Cypress (Taxodium distichum) to type I 
volunteers. This particular tree, “is currently found within Virginia’s coastal plain, south 
of the James River...It occurs along wet stream banks, Virginia’s Climate Modeling and 
Species Vulnerability Assessment 19 bottomlands, swamps, and other areas that usually 
flood for long periods of time...By mid-century, both the lower and higher emissions 
scenario models project lowlands throughout Virginia could be climatically suitable for 
bald cypress based on temperature and precipitation related factors” (Kane et al. 2013). 
Current research on  assisted migration is thin in the United States (McMachlan et al. 
2007), meaning that this proposal would likely be one of the first of its kind. 
 
Increased awareness through reliance on volunteers may lead to more public 
awareness of problems facing the local environment, and may make citizens more likely 
to act in order to improve it (Forsyth et al. 2004). Funding for such a project will not 
impact state entities financially because purchasing and monitoring the riparian zone is a 
cost incurred by concerned citizens. Ultimately, they are taking responsibility for issues 
caused by human-induced climate change as a way to protect the biodiversity and health 
of Virginia.  
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As a result of global climate change, sea level has risen and will continue to rise 
throughout the 21st Century. Sea level rise has been higher in Virginia than any 
other state over the past 100 years (U.S. Climate Change Science Program 2009). 
Varied projections show that sea level could rise 1.2 to 5.5 feet above 1992 levels 
by 2100 (Boon et al. 2010; Ezer and Corlette 2012; Sallengar et al. 2012). Sea 
level rise threatens to drown intertidal wetlands (Craft et al. 2009; FitzGerald et 
al. 2010; Kirwan and Guntenspergen 2010; Menon et al. 2010).  
 
Wetlands are key biodiversity hotspots and provide a number of ecosystem 
services (Barbier et al. 2011). Wetlands have the ability to adapt to sea level rise 
by migrating inland as long as shoreline hardening, such as a bulkhead, is absent 
(Kirwan and Megonigal 2013). In Virginia, private landowners must be granted a 
permit by local citizen wetlands boards to alter or harden their shoreline. 
Although wetlands boards have been given sufficient guidance by government 
agencies, they have mostly failed to achieve Virginia’s goal of preserving 
wetlands (VIMS 2012). If this practice continues, Virginia can expect a 
significant loss of wetlands, biodiversity and ecosystem services.  
 
To avoid losing wetlands, landowners should be required to discuss the 
environmental impacts of and alternatives to shoreline hardening with a Virginia 
Institute of Marine Science scientist before submitting an application. Permit 
decisions should move from local wetlands boards to the Virginia Marine 
Resources Commission. These recommendations would limit future shoreline 
hardening and preserve wetlands and their associated biodiversity in the face of 




Climate change will cause numerous negative impacts to the natural environment 
and to Virginia citizens, including sea level rise. As global temperatures rise, thermal 
expansion of the oceans and melting of polar ice caps and glaciers cause sea level to rise 
(IPCC 2007). The rate of future sea-level rise is uncertain, but estimates range from 0.85 
to 6.23 feet of sea level rise above current levels by 2100. (IPCC 2013; Church and White 
2011; Milne et al. 2009; Pheffer et al. 2008). In particular, Virginia is vulnerable to sea 
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level rise. Measured sea level rise, caused by both rising sea level and ground subsidence, 
has been higher in Virginia than any other state over the past 100 years, rising at a rate of 
1.44 feet per century (U.S. Climate Change Science Program 2009). Projections in 
Virginia vary from 1.2 to 5.5 feet above 1992 levels by 2100 (Boon et al. 2010; Ezer and 
Corlette 2012; Sallenger et al. 2012) Sea level rise is expected to cause a number of 
negative impacts for humans and ecosystems in coastal areas.  
Specifically, climate change and an increase in extreme weather events will likely 
be the strongest factors threatening tidal wetlands and their biodiversity (Craft et al. 2009; 
FitzGerald et al. 2008; Kirwan and Guntenspergen 2010; Menon et al. 2010). Coastal 
wetlands are highly productive areas and are some of the most economically important 
ecosystems on Earth (Barbier et al. 2011; Kirwan and Megonigal 2013). Marshes provide 
a number of ecosystem services such as protecting coastal areas from storms, carbon 
sequestration, and serve as a nursery ground for many commercially important fish 
(Barbier et al. 2011). Sea level rise adversely affects tidal wetlands because the water 
depth rises above the optimal level for wetlands, effectively drowning them (Craft et al. 
2009; FitzGerald et al. 2010; Kirwan and Guntenspergen 2010; Menon et al. 2010).  
However, wetlands are able to mitigate the impacts of sea level rise by migrating 
inland and accreting upward (Kirwan and Megonigal 2013). Migration and accretion are 
only possible if shoreline hardening, such as seawalls, bulkheads, or riprap, are absent 
from the shoreline. Shoreline hardening squeezes wetlands between rising water and an 
impermeable structure (McFadden et al. 2007). Although shoreline hardening will likely 
limit the future of wetlands, landowners continue to build on shorelines.  
Landowners desire shoreline hardening for a variety of reasons, but need to be 
granted a permit to alter their shoreline in any way. Typically, landowners harden 
shoreline to protect property from storms and erosion or just for aesthetic reasons.  
Before being granted a permit landowners must complete a lengthy Joint Permit 
Application (JPA) that describes the purpose and specifics of the proposed project. Once 
landowners complete the JPA they send it to a local wetlands board for evaluation in a 
public hearing. A wetlands board is a group of five to seven local community members 
who determine whether landowners may alter their coastal property. The Tidal Wetlands 
Act gives the Virginia Marine Resources Commission (VMRC) authority over tidal 
wetlands, but coastal localities can assume this responsibility and implement the Act 
through a wetland board (Code of Virginia 1972). Wetlands boards are supposed to 
evaluate proposals based on evolving, extensive guidelines provided by the Center for 
Coastal Resources Management (CCRM) at the Virginia institute for Marine Science 
(VIMS 2012).  
The current shoreline hardening permit process, designed under the Tidal 
Wetlands Act, allows shoreline hardening to continue at steep rates that do not properly 
balance the use and preservation of wetlands. The Tidal Wetlands Act was created to 
balance the preservation and use of tidal wetlands in order to protect the various 
ecosystem services they provide. The ecosystem services identified by the Act include: 
production of wildlife, waterfowl, finfish, shellfish and flora; protection against floods, 
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tidal storms, and erosion; absorption of silt and pollutants; and provision of recreational 
and aesthetic opportunities (Code of Virginia 1972). Additionally, Virginia has 
established a state policy of “no net loss” of wetlands resources (Code of Virginia 2007). 
Given Virginia’s effort to protect wetlands, wetlands boards are not effectively 
implementing the Act or Virginia’s policy of “no net loss” of wetlands (VIMS 2012). 
Wetlands boards have consistently failed to adequately consider the public 
benefits and detriments of applications as explained in technical guidelines and have 
approved a proliferation of shoreline hardening projects. From 2009-2011, over 1200 
JPAs were submitted to wetlands boards. During this time over 99 percent of JPAs that 
complied with guidelines in some form were approved. Moreover, 89 percent of JPAs 
that did not comply with guidelines in any way were approved (VIMS 2012). Wetlands 
boards overwhelmingly approved JPAs, based mostly on private benefits and not public 
benefits and detriments, regardless of their conformity to the technical guidance.  
Shoreline hardening compromises future existence of critical tidal wetlands. In 
Virginia, 39 percent of coastal land is well-developed and 22 percent is less developed. 
32 percent of land is undeveloped and 7 percent of land is in conservation (Titus et al. 
2009). Meanwhile, 11.1 percent or 459 miles of shoreline has been hardened out of 4432 
miles and it is estimated that 18 miles of shoreline is hardened each year (Bilkovic et al. 
2009).  
Although a significant amount of wetlands have been already lost, there is still an 
opportunity to preserve wetlands in the future. With over 92 percent of the shoreline not 
hardened and 32 percent of coastal land undeveloped, Virginia has an opportunity to 
preserve a substantial portion of wetlands during the coming sea level rise by limiting 





In order to limit shoreline hardening and conserve tidal wetlands and their 
biodiversity in the face of climate change, Virginia should make two changes to the JPA 
process. First, landowners and permit agents should be required to consult with a member 
of VIMS on the property before the permit is submitted in order to discuss all the viable 
options for shoreline alteration. Second, local wetlands boards should no longer evaluate 
permit applications. Instead, permits should be evaluated by VMRC. 
Recommendation One 
The JPA for shoreline alteration should require that landowners and their permit 
agent (if an agent is used) consult a VIMS wetland scientist on the proposal site before 
the application is submitted. The goal of the consultation would for the landowner and 
agent to better understand the technical guidelines created by VIMS in order to preserve 
and maintain tidal wetland ecosystems.  
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Currently, many landowners and agents do not generally understand the 
guidelines. From 2009-2011, 56 percent of JPAs did not meet the guidelines in any form 
(VIMS 2012). Consulting with VIMS staff would assist in educating landowners and 
agents of the guidelines and provide an opportunity to educate landowners and agents of 
alternatives to traditional shoreline hardening. VIMS scientists would also discuss the 
environmental impacts of each option. The consultation would serve to educate 
landowners, agents on the importance of the technical guidelines, make them aware of 
the options other than the traditional stabilization approaches available and potentially 
reduce future impacts from projects, ultimately benefiting the marine environment.    
VIMS is an ideal organization to serve this role due to their historic capacity in 
wetlands advisory services. Part of VIMS’ mission is to provide advisory service to 
policy makers, industry and the public (VIMS 2015). VIMS staff have been trained in 
wetlands conservation and possess the technical knowledge to discuss the costs and 
benefits preferred shoreline best practices. Consultation with VIMS staff would help 
landowners better follow existing guidelines on JPAs and help them better understand 
alternatives to shoreline hardening. 
Educating landowners may help to increase the use of viable alternatives to 
shoreline hardening (Forsyth et al. 2004). In many cases, alternatives to traditional 
shoreline hardening exists, but only 10-14 percent of JPAs from 2009-2011 used 
alternatives to shoreline hardening, such as planting vegetation or living shorelines1 
(CCRM 2012). Additionally, 38 percent of surveyed landowners who hardened shoreline 
were not aware of living shorelines as an alternative (CCRM 2013).  
Landowners and agents also often meet with contractors to survey their land and 
offer alteration recommendations. Landowners who hardened shorelines used contractors 
for advice more than any other source of information (CCRM 2013). Logically, 
contractors recommend riprap or bulkheads as a solution because that is their expertise 
and contractors are actively seeking business. Most contractors are not knowledgeable in 
installing vegetation or living shorelines and solely offer shoreline hardening options. By 
meeting with a VIMS official and a contractor, landowners and agents will be informed 
of all construction options and the impacts of their decisions.  
Wetlands boards are supposed to consider whether alternatives to shoreline 
hardening were considered, but this does not happen until the end of the application 
process. When the application is actually completed and submitted, landowners have 
already spend significant time and effort into the process.  
For a wetlands board, whose members may have personal relationships with 
applicants, to deny an application is a challenging decision to make because wetlands 
boards do not want to raise conflict with their own community members. Wetlands 
boards most often approve applications, whether or not they followed the actual 
1 A living shoreline is a “shoreline management practice that provides erosion control and water quality 
benefits; protects, restores or enhances natural shoreline habitat; and maintains coastal processes through the 
strategic placement of plants, stone, sand fill, and other structural and organic materials” (Code of Virginia, 
2011). Living shorelines allow migration of wetlands as sea level rises. 
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guidelines (VIMS 2012). Since wetlands boards approve the majority of applications, it is 
important to have applications more closely follow the guidelines. By requiring 
landowners to meet with VIMS, landowners are more likely to conform closer to the 
guidelines and are more likely to seek alternatives to shoreline hardening.  
In order to implement participation of VIMS officials in the application process, 
the JPA would require modification. Under “Part 2-Signatures” of the current JPA, the 
landowner, agent, contractor and adjacent landowners are all required to provide 
signatures. Another signature should be required by a VIMS official, acknowledging that 
they have fully explained the viable options for shoreline alteration, as well as the 
environmental impacts of each option. Another signature should be required by the land 
owner and agent to acknowledge that they understand the options and impacts that have 
been described to them. These signatures would be required for the JPA to be considered 
complete.  
Such a program would require additional financial and human resources for 
VIMS. Funding would be needed for the cost of man-hours for each visit to each site and 
the cost of vehicles and gasoline. VIMS is primarily funded through various grants. 
VIMS could apply for funding from the Virginia general assembly. Shorelines are state 
resources and the cumulative impacts of shoreline hardening will be felt by stakeholders 
throughout the state.  
 
Recommendation Two 
Local wetlands boards have shown they are not appropriate groups to evaluate 
JPAs and they should be evaluated by VMRC instead. VMRC would be an optimal 
agency to run the JPA process because of their technical knowledge, they are a state-level 
organization and are less influenced by local politics.  
VMRC has the technical knowledge to properly evaluate applications based on 
the technical guidance developed by this agency and VIMS. Wetlands boards are 
typically comprised of unpaid volunteers with a varying degree of knowledge of wetlands 
or the impacts of shoreline hardening. Efforts to educate boards has proven to be difficult 
and ineffective (VIMS 2012). The VMRC has staff dedicated to habitat management and 
has a close relationship with VIMS.  
As a state-level agency, VMRC is better able to understand the cumulative 
impacts of shoreline hardening compared to local wetlands boards. VMRC serves to 
protect tidal wetlands and homelands and are stewards of marine and aquatic resources. A 
state-level agency should evaluate permits because shoreline hardening has a cumulative 
environmental impact and may even be a breach of the Clean Water Act (Titus et al. 
2009).  
The loss of wetlands’ ecosystem services will have impacts beyond local 
communities. Local wetlands boards often do not consider the cumulative impacts or 
impacts beyond their jurisdiction. Projects that impacted a small amount of wetland or 
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only a portion of the wetlands affected were in their jurisdiction were approved (VIMS 
2012). If one agency reviewed all applications, it would be able to see the cumulative and 
significant impacts of over 500 applications per year and better balance the preservation 
and use of wetlands.  
Additionally, VMRC would be able to make more impartial decisions because 
they are not intimately tied to communities like wetlands boards are. Members of 
wetlands boards are community members and often have close ties with applicants. 
Wetlands boards frequently do not grant permits based on the technical guidelines (VIMS 
2012). Having close relationships with applicants can cloud judgement in decision 
making. Being empathetic to neighbors, colleagues and friends is understandable and 
board members likely want to avoid conflict with community members they interact with 
on a daily basis. VMRC is removed from local politics and lacks a close relationship with 
applicants and will be able to evaluate permits in a logical manner and follow the 
technical guidelines.  
VMRC would be more capable and more likely to follow the guidelines and limit 
shoreline hardening. Additionally, because VMRC is a government agency instead of a 
group of volunteers, it must be more accountable for its decisions. VMRC could be 
viewed critically to evaluate their effectiveness. A volunteer group of board members has 
no real process of review or accountability.  
In order to implement a state-run permit program, VIMS would continue to 
provide technical guidance to landowners and VMRC and VMRC would use guidance to 
evaluate applications. Instead of a public hearing and non-technical peer review, VMRC 
would evaluate permits based on technical criteria and specifications. VIMS would 
continue to develop technical guidelines to assist VMRC with site-specific decisions. 
VIMS has the technical knowledge to develop guidelines and VMRC has the ability to 
evaluate these guidelines. Local governments could assist VMRC with enforcement.  
VMRC may not need additional funding to oversee the permit process, but 
staffing would need to be altered. Currently, VMRC serves as the agency that hears 
appeals from wetland board decisions. Although the appeals staff have other 
responsibilities, they would stop hearing appeals and start evaluating permits. However, 
additional staff would likely be needed to evaluate around 500 proposals per year. 
Currently, a VMRC wetlands staff member is required at every wetlands board hearing in 
order to ensure hearings are run legally and correctly. In general, VMRC staff are already 
involved in the decision-making process. If wetlands boards are eliminated, VMRC staff 




Tidal wetlands are essential productive ecosystems that provide environmental, 
economic and social benefits to people and nature both close and far. Because of their 
critical importance, tidal wetlands should be a conservation priority. Climate change and 
sea level rise threaten tidal wetlands, but if shoreline hardening is limited then wetlands 
will be more able to migrate inland naturally.  
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These recommendations would make a strong impact on limiting the amount of 
shoreline hardening and would preserve wetlands and their associated biodiversity in the 
face of climate change. Individually, each recommendation would make a significant 
move toward achieving this same goal and would help pave the way for future policy 
changes.  
Individually or separately, the recommendations would not be a panacea. 
Educating landowners, developers and contractors about future sea level rise and its 
environmental implications will be critical. Humans will likely continue to live and build 
in coastal areas as sea level continues to rise. This will bring a number of issues, beyond 
preserving wetlands, to coastal communities. National, state and local government 
agencies and local communities must work together to best prepare for future impacts of 
climate change and sea level rise.   
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The Chesapeake Bay is not sufficiently protected by the states around it, and is suffering 
the consequences of a changing climate (McLeod 2009).  It requires more protection to 
increase resiliency, and in order to ensure the long-term survival of the wildlife it sustains 
and the ecosystem services it provides.  Creating a Marine Protected Area (MPA) at the 
mouth of the Chesapeake Bay extending into the Atlantic Ocean will protect multiple 
habitats and fish populations, which will in turn improve the health of the Bay (Narula 
2014).   
 
Most of this MPA will restrict harmful fishing, drilling, dumping, and extraction while 
allowing large-scale commercial fishing (Brown et al. 2010).  It will also include no-take 
zones, a vitally important part of any MPA, to protect commercially important species 
and to ensure their long-term survival (Wenzel 2011). A no-take zone is a designated area 
where any and all extractive fishing practices are prohibited.  
 
Designation of an “MPA” is a federal status change, meaning the state government is not 
going to be entirely responsible for funding and enforcing this sanctuary.  Instead, the 
National Oceanic and Atmospheric Administration, the U.S. Fish and Wildlife Service, 





 The Chesapeake Bay is a vital habitat for plants, animals, and humans.  It provides food, 
recreation, jobs, and offers exceptional economic benefits to the states surrounding it in the form 
of tourism, fishing, and recreation (Prager 1996).  Commercially, the most important species in 
the Chesapeake is the blue crab (Callinectes sapidus), which provides the state with millions of 
dollars in income every year (Prager 1996).  During prime blue crab hunting season, the female 
crabs move from areas of low salinity, such as the upper Bay and river estuaries, to the mouth of 
the Chesapeake where they lay their eggs in the water column (Lipcius et al. 2003).  
 
 The Atlantic menhaden (Brevoortia tyrannus), which “represent 23.5% of United States 
commercial fishery” (Hale et al. 1991), have a major part of their habitat in the Chesapeake Bay.  
Menhaden are catadromous fish, meaning they live in low salinity waters and travel to the ocean 
to spawn, just like the blue crab.  The Atlantic menhaden is part of one of the largest fisheries in 
the U.S., with catches of circa 1 billion pounds a year (Coleman et al. 2004), and is subject to 
large-scale commercial fishing in the Chesapeake Bay and the Atlantic where they spawn.  These 
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fish are an integral part of the Chesapeake food web, because they are a major food source of 
striped bass, Atlantic sturgeon, osprey, and other predatory species (NOAA 2012).  Additionally 
they regulate invertebrate and plankton populations within the Bay by feeding on the small 
organisms and keeping their populations in check.   
 
 The connection between these species is their spawning waters at the mouth of the 
Chesapeake and into the Atlantic, making it an area of high ecological and economic value.  
However this area is under no protection by state or federal governments.  In fact, Virginia 
protects only about one percent of its territorial waters, compared to roughly 15 percent of the 
land (“Virginia Conservation Lands Database”, “SeaStates” 2014).  There are some sanctuaries 
and protected areas for specific species such as oysters or seagrass, but no large-scale Marine 
Protected Area  that would offer widespread protection to many species.   
 
 MPAs are starting to gain support in the U.S. because federal and state governments are 
beginning to realize the importance of the marine habitats and the ecological services they offer 
(Agardy 1994).  A recent study showed that MPA success was dependent on five variables; size, 
age, no-take zones, isolated, and enforcement (Edgar et al. 2014).  The perfect MPA, according to 
this study, is over 60mi2, is 10 years old, is a complete no-take zone that is isolated from other 
habitats, and its restrictions are fully enforced.   
 
 There are many different ways to alter an MPA for the specifics of the region to be 
protected including different levels of restrictions and enforcement.  This paper proposes an MPA 
specific to its needs that also follows these five variables to ensure effective conservation.   
 
 
Stellwagen Bank National Marine Sanctuary 
 
 Many states are concerned with the coastal Atlantic within their jurisdictions.  In the 
U.S., the top states for quantity of marine reserves are Hawaii, California, and Oregon, and in 
1992, one more state joined the group.  Massachusetts is home to a very successful fishing 
industry in and around Cape Cod, aptly named for the historically massive quantities of cod found 
in the bay.    
 
 This area is important because humpback whales migrate through its center, it is home to 
rare algae, and because of the fishing industry.  Commercial fishing can reduce populations and 
damage the sustainability of the human economy.  In order to ensure the long-term survival of the 
fishery, Congress in 1992 created the Stellwagen Bank National Marine Sanctuary, an 842-square 
mile protected area at the opening of Cape Cod.  This sanctuary seeks to rebuild fish populations 
but does so without interfering with the fishing industry in the area (“Designation Document”).   
 
Harmful practices such as dumping waste, extracting materials, drilling, dredging, 
anchoring, removing any animals other than the fish, or removing historic artifacts (“Designation 
Document”) are all banned.  Essentially this sanctuary exclusively allows recreational or 
commercial fishing as long as it doesn’t disturb the habitat.  Boats are allowed to pass through, 
including large barges carrying waste or oil, though they aren’t allowed to anchor or stop.  
 
Studies have shown that Marine Protected Areas like the Stellwagen Bank Sanctuary 
“increased abundances and biomasses of some commercial groundfish species in the protected 
area” (Brown et al. 2010), because the fish were able to grow to maturity and spawn appropriately 
without their numbers being depleted prematurely.  This increased catches and helped stabilize 
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the fish stocks.  This sanctuary offers a guideline for Virginia to use to adapt and create its own 





 The water at the mouth of the Chesapeake Bay and out into the Atlantic is vitally 
important to the health of the Bay and to Virginia fisheries.  This area acts as a spawning zone for 
two very important Chesapeake species, blue crabs and Atlantic menhaden.  The female blue 
crabs migrate down the Bay towards more saline waters near the Atlantic Ocean where they 
release their eggs to develop (Prager 1996).  Menhaden do the same, releasing their young near 
open water instead of inland.  These two species are important to the health of the bay and the 
economy as an income source and as part of the food web (Lipcius et al. 2003).  Protecting 
spawning grounds will ensure the survival of more offspring, and strengthen the stock of fish and 
crabs for years afterwards.   
 
This MPA would not only be protecting the mouth of the Bay, however.  It will cover an 
area roughly 500mi2 and spread up the Eastern Shore to encompass sensitive wetlands there.  
Most of these lands are already controlled by federal wildlife reserves, conservation easements, or 
The Nature Conservancy, though they only protect a small strip of water down to the lowest low 
tide (U.S Virginia Field Project). The proposed MPA would fill in the gaps in this coverage. 
 
Virginia would apply for an MPA through the National Oceanic and Atmospheric 
Administration, with regulations similar to Massachusetts'.  There are several different ways to 
classify an MPA, but this one will be specific for the purpose of sustainable production which 
means “zones established and managed wholly or in part with the explicit purpose of supporting 
the continued extraction of renewable living resources” (Wenzel and D’Lorio 2011), meaning the 
animals that live in the boundaries of the new site.   
 
Another classification for the MPA would be ‘zoned multiple use’. In most of the MPA, 
activities such as boating, swimming, and large-scale fishing would be permitted.  The seafloor in 
this area is vital to the health of the fish and crab populations the MPA seeks to protect, so there 
would be restrictions to ensure a pristine seafloor.  As at Stellwagen Bank, this MPA will prohibit 
dumping chemicals or materials in the water, drilling, dredging, extracting or producing minerals, 
removing anything from the bottom including historic artifacts, and hunting wildlife other than 
fish.   
 
This MPA would be considered ‘zoned’, because there would  be a small no-take zone in 
the middle.  A no-take zone is an area in the water where all fishing and extracting practices are 
prohibited.  The purpose is to preserve as much area as possible as pristine habitat for fish and 
wildlife to proliferate.  The no-take zone for this MPA will surround Cape Charles National 
Wildlife Refuge, and go through Fisherman’s Inlet up to Skidmore Island, hugging Raccoon 
Island and Raccoon creek.  Out of the roughly 4,500mi2 that make up the Chesapeake Bay, this 
no-take zone will cover only about 10mi2 (“Facts and Figures”).  However, because it surrounds a 
National Wildlife Refuge, this whole area would be some of the most pristine habitat in all of 
Virginia.   
 
Looking back on the five variables suggested in the research literature for a successful 
MPA, the minimum area for successful protection was 60mi2, increased fivefold in this 
recommendation.  In addition, the bottom habitat in this area contains seagrass beds, oyster reefs, 
and sandy bottom, a variety of habitats to ensure complete protection.  With the addition of 
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federal protections and the no-take zone, this MPA would likely become a model sanctuary once 
it reached the 10-year mark. 
 
 Many fish populations cannot recover their numbers without protection once they have 
been severely damaged.  Hutchings (2002) found that 40 percent of the commercial fish 
populations he studied were still not showing signs of recovery even 15 years after fishing 
pressure stopped.  MPAs have been shown to increase fish populations and biomass in multiple 
different studies (Brown et al. 2010), back to almost virginal population sizes. Large international 
organizations for biodiversity have agreed, “areas closed to all extractive use … should form the 
core of national networks of marine protected areas” (Roberts et al. 2005) with the IPCC even 
issuing a recommendation to create a global system of Marine Protected Areas, “including strictly 
protected areas amounting to 20-30% of each habitat, by 2012” (IPCC 2008).   
 
This MPA will only have roughly 5 percent of its waters classified as no-take zones, but 
the framework is in place to continuously increase this percentage.  The need for no-take zones is 
backed by findings that “stocks of exploited species within reserves typically increase three to 
fivefold within 5-10 years of protection” (Roberts et al. 2005), as opposed to those species that 
cannot recover population sizes even after 15 years when left unprotected.  
 
 
Funding and Support 
 
 The US Coast Guard, the US Fish and Wildlife Service, and the National Oceanic and 
Atmospheric Administration (NOAA 2005) are in charge of patrolling federal MPAs so that duty 
would not fall to state personnel.  Federal agencies such as the Coast Guard, are already policing 
Virginia’s waters and enforcing a variety of fisheries laws that differ across the country 
(“Protecting Our Marine Life”).  Because the proposed no-take zone already borders a National 
Wildlife Refuge, the infrastructure for enforcement and patrol is in place.  
  
The Marine Protected Area Fund provides the money to start an MPA for the first year it 
is enacted (“Funding”).  After this, it is up to NOAA, the USFWS, Virginia’s conservation 
departments, and non-governmental organizations to supplement funding for the sanctuary.  
Estimates for annual costs range, with the average falling somewhere around $775 per square 
kilometer (Balmford et al. 2004), or roughly $465.6 per square mile.  At this rate, this MPA will 
cost roughly $575,000 annually, split between non-governmental organizations, and state and 
federal governments.  Many factors that influence the cost of running an MPA, but “the strongest 
correlation was with MPA size: per unit area, bigger MPAs cost substantially less to run” 




 This recommendation seeks to provide Virginia with a way to combat negative effects of 
climate change, conserve biodiversity, support commercial fishing industries, preserve the 
Chesapeake Bay, in a low-cost manner.  The best way to reach all of these goals is to create a 
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Virginia shorelines are facing some of the highest rates of sea level rise 
seen over the last five millennia and are among the most vulnerable 
coastlines in the country to the effects of sea level rise such as flooding 
and storm surge (Downs et al. 1994).  In the face of these rising sea levels, 
coastal wetland habitats will be forced to migrate inland to avoid 
inundation (Akumu et al. 2011).  However, increased development on the 
Virginia coast threatens these critical wetland habitats by blocking their 
inland movement as they try to avoid rapidly rising sea levels.  Without a 
clear migratory path, wetland’s ecosystem services and biodiversity will 
be lost to saltwater inundation.  
 
To prevent the loss of wetland’s migratory paths from development, this 
paper proposes that any new development behind coastal wetlands must 
undergo a Life Cycle Cost Assessment (LCCA).  Completion of the 
LCCA will expose developers to both the future costs they will incur from 
rising sea levels, flood mitigation, and the costs associated with possible 
wetlands destruction.   Exposing developers to the future costs they will 
incur has the potential to save a developer future property loss while also 
maintaining wetland’s inward migration path by deterring development.  




It is just before sunset in West Ocean City, Maryland, the town that sits quietly 
across the bay from the beach town of Ocean City.  The author’s uncle, Tom Kelso, 
watches the setting rays shine across the water onto the marsh grasses that stretch out into 
the bay from the backyard of his bay front property. Most people only dream of having 
such a view.  However, this wetland is more than a picturesque scene; it is a powerful 
fortuneteller.  Hidden among the low grasses and shallow waters are the remnants of old 
dock pilings, the tops now barely protruding out of the water that has been gradually 
swallowing them.  These dock’s pilings, once sitting high above the water like Tom 
Kelso’s brand new dock sitting only yards away, are a jarring sign that sea levels are 
rising at unprecedented rates. Over the next few decades, Tom’s dock, and eventually his 




Had Tom Kelso known before he built his house that the sea would eventually 
swallow his bay front investment, he might have considered building elsewhere.  His 
sunken investment could have been saved had he known about the reality of sea level rise 
over the next fifty years. The wetlands that he built behind would also have the 
opportunity to escape these rising sea levels by migrating landwards.  This path, now 
blocked by his house, is not an option.  Tom did not know about sea level rise and was 
never required to consider its effects before building.  Completing a Life Cycle Cost 
Assessment that looked at the rising sea levels prior to building could have saved him his 
million-dollar investment as well as the wetlands he trapped.  This assessment, which 
would have cost a mere fraction of the house and dock, would have required him to 
evaluate if the damage to his property, house, and dock from rising sea levels over the 
next 50 years would be worth the investment of developing this piece of land.  Chances 
are that such an assessment would have deterred him from building, ultimately saving 
him money as well as saving the wetlands he built behind. 
 
This scenario, however, is not unique to a bay front property in Maryland; it is a 
phenomenon occurring all across the country. Virginia in particular is experiencing these 
harsh effects from rising sea levels along its entire coastline.  Virginia’s shorelines are 
facing some of the highest rates of sea level rise over the last five millennia and are 
second only to New Orleans as the most vulnerable coastline in the United States to 
flooding and storm surges from sea rise (Downs et al. 1994), in part because of the 
subsidence along the state's coastal zones, and in part because of global warming.  
 
Water levels on the Virginia coast are expected to rise between 2.3- 5.2 feet over 
the next century, with low lying areas such as Virginia Beach and Hampton Roads 
experiencing the worst effects of this elevated sea level (Stiles et al. 2014). They are 
connected to the larger global problem of climate change.  As global air temperatures on 
average become warmer, the water in the oceans is increasing as the result of two 
processes. First, the mass of water in the oceans is growing as ice on land melts and 
enters the oceans (Meier and Wahr 2002).  Second, the volume of the water is increasing 
as the result of thermal expansion of ocean water (Meier and Wahr 2002). Ultimately, if 
Virginia wants to reduce the sea level rise affecting its shorelines, it must confront those 
factors contributing to climate change.   
 
Virginia coastlines, in the face of sea level rise from climate change, will see an 
increase in flood and storm surge strength and frequency.  This has already and will 
continue to destroy coastal development.  It will also negatively affect coastal habitats, 
most notably coastal wetlands.  Typically, wetlands are able to adjust to changing sea 
levels.  Through a process called vertical accretion, wetlands raise themselves over time 
to keep pace with rising water levels (Akumu et al. 2011).  However, the predicted rate of 
sea level rise over the next century is much faster than a wetlands vertical accretion rate.  
In this scenario, a wetlands contingency plan is to migrate landward in order to avoid 
inundation (Akumu et al. 2011).  Development on the Virginia shoreline, however, will 
block wetland’s landward migratory path.  Without a clear path inwards, wetland’s 




Trapping wetlands between development and the rising tides will not only result 
in losing the physical wetlands, but also the value of their important ecosystem services 
and ecological functions. The Virginia Institute of Marine Science estimates that 
pressures from rising sea levels and coastal development in Virginia will result in a loss 
of 52% of tidal wetlands in a business-as-usual scenario (Bilkovic et al. 2009).   
 
Coastal wetlands are habitats that provide very important ecological functions and 
services such as critical habitat for large amounts of Virginia’s biodiversity, flood 
control, storm buffering, and water purification (Woodward and Wui 2000).  Many of 
these ecological functions provide direct benefit to humans. For example, Virginia’s 
largest commercial fishery, Atlantic menhaden, brings in over $30 million dollars 
annually (Kirkley 2011). These Atlantic menhaden depend on wetland habitats as a 
spawning and nursery ground for their young and thus a loss of wetlands will have a 
direct effect on the menhaden fishing industry in Virginia (Kier 1998).  However, not all 
ecological functions of wetlands are as easy to quantity.  It can be challenging to place an 
economic value on an ecosystem service.   
 
A solution to this problem is to use non-market values to establish the worth of 
wetlands (Woodward and Wui 2000).  One way of doing this is through the Hedonic 
Pricing method, which estimates economic value for ecosystem services that directly 
affect market prices, typically prices associated with the housing market (Mahan et al. 
2000). Using the Hedonic Pricing method illustrates how wetlands directly influence 
residential property value.  Increasing the size of the nearest wetland by one acre 
increases a properties value by $24.39 (Mahan et al. 2000).  Additionally, decreasing a 
properties distance to a wetland by 1,000 feet increase the value of the property by 
$436.17 (Mahan et al. 2000).  Wetlands, in terms of housing prices, can be assigned an 
economic value in this way.  Also, because both proximity and size of the nearest 
wetland have a positive effect on property value, keeping wetlands healthy is a good 
thing for housing prices.  Destroying wetlands, on the other hand, will negatively affect 




To protect wetlands from perishing under saltwater inundation, Virginia should 
require that any new development behind coastal wetlands must undergo a Life Cycle 
Cost Assessment (LCCA).  The LCCA is an assessment that will require developers to 
evaluate the future costs they will incur as a result of sea level rise over the next 50 years. 
While the complete assessment will cover the next 50 years, it will have benchmarks at 
10, 20, and 50 years.  In this way, instead of illustrating costs incurred over just a 50 year 
time period, it will show costs incurred over a 10-year period, 20-year period, and then 
finally the full cost incurred over the full 50 years.  
 
LCCA completion will show the costs that developers may incur as a result of sea 
level rise under different scenarios if they build behind wetlands.  The first scenario 
involves the construction of some type of flood mitigation structure.  Building a 
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floodwall, dyke, jetty, or some type of bulkhead to reduce flooding and storm surge from 
sea level rise will require a significant investment.  The second scenario is one with no 
flood mitigation structures.  Without any structures to protect from flooding and storm 
surge, this scenario will evaluate the cost of future property damage that results from 
future flooding and storm surge.   
 
This will also consider the value of property depreciation as water swallows land. 
This scenario also considers the flood insurance costs and the increase of these costs as 
floods and storm surge become stronger and more frequent.  Both of these scenarios will 
also include the cost of the lost wetlands they are building behind.  Flood mitigation 
structures and development will block the inward migratory path of these wetlands and 
will result in the loss of its ecosystem services, ecological functions, and biodiversity. 
 
Enforcement of the LCCA will fall under the responsibility of the local 
municipality.  Local municipalities must ensure that any new development has completed 
an LCCA before building.  However, the completion will fall on a privatized third party 
group in order to minimize any conflict of interest.  For example, this group may be some 
version of an environmental consulting group that will specialize in LCCA completion.  
Finally, payment for the completion of the LCCA will fall directly on the party that is 
financing the development.   
 
Following completion, the LCCA must be given to the local municipality to 
ensure full disclosure.  In the event that the developer finds future cost to be too high and 
chooses not to build, the LCCA must still be disclosed to the local municipality.  
Disclosing the LCCA to the locality allows the municipality to ensure potential 
developers are completing the assessment prior to any building.  The municipality will 
not allow or disallow development based on the findings from the assessment.  Rather, 
the LCCA is meant to deter development by helping developers to realize the potentially 
high cost they will incur over the next 50 years due to sea level rise.  Based on the results 
of LCCA, developers are able to make a decision that is in their best self-interest. 
 
While there is no direct example of a Life Cycle Cost Assessment, there are 
analyses in practice that are generally similar.  One such analysis is the Life Cycle Cost 
Analysis created by the National Institute of Standards and Technology.  This analysis 
helps developers minimize costs by analyzing operating and maintenance costs, building 
costs, and personnel costs over a 30-year period (Fuller 2010).  Understanding these costs 
early in the design process allows developers to consider alternate building designs and 
ensures a reduction in total life-cycle costs (Fuller 2010).  A Life Cycle Cost Assessment 
can be understood in the same way.  However, instead of analyzing the costs associated 
with building and operation, the LCCA will analyze a properties future costs associated 
with sea level rise over 50 years. This will allow developers to consider alternate building 







Life Cycle Cost Assessment Strength 
 
 The strength of the Life Cycle Cost Assessment is that it saves wetlands 
migratory paths by targeting people’s self-interests.  Generally, those who are going to 
develop behind a coastal wetland do not have extensive knowledge of or interest in 
wetlands migratory paths.  Thus, it is less effective to show developers the importance of 
wetland habitats than to show developers how and why they will lose money.  Instead of 
convincing a potential developer of the importance of the wetlands that they may be 
harming, the LCCA targets their economic self-interest by showing them that this 
development will be a bad long-term investment of their money. By forcing developers to 
understand facts about future of sea level rise, it has the potential to both save wetlands 
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Virginia faces widespread loss of its tidal wetlands due to sea level rise. 
Sea level rise is occurring at a rate faster than wetlands can adapt and 
move to higher ground, resulting in marsh submergence (Kirwan et al. 
2010). Tidal wetlands provide innumerable ecosystem services that 
benefit both humans and general biodiversity, including pollutant 
filtration, erosion prevention and flood control (Hansson et al. 2005). 
The issue of wetland loss is particularly relevant to Virginia because 
Virginia is experiencing the fastest sea level rise of any state on the 
eastern seaboard (Tompkins and Deconcini 2014). 
 
Because of federal and state programs that attempt to achieve “no net 
loss” of wetlands, the business of wetland mitigation banking has 
experienced enormous growth over the past few decades. These 
businesses contract with developers to restore and/or create new 
wetlands to compensate for wetland loss due to development.  While this 
mitigates the rate of wetland loss, “no net loss” is not truly achieved 
because federal law requires the replacement of wetlands only if their 
loss is due to development. 
 
Wetland mitigation banks should be required to take sea level rise into 
account when selecting new sites, and forbidden from using sites where 
function losses exceed 5 percent within 50 years, using the “low” sea 
level rise projections included in the Virginia Institute of Marine 
Science’s Recurrent Flooding Study in 2013.  This will ensure longer 
lasting protected wetlands in the mitigation banks, and decrease 
developer-based wetland destruction. 
   
 
Introduction     
 In the United States, wetlands have historically been viewed as undesirable and 
uninhabitable environments due to their trademark odors and large insect populations 
(VA DEQ 2015). Since the 1600s, over half of the wetlands in the United States have 




 As scientific understanding advanced during the 20th century, the ecological 
functions of wetlands and the value of the ecosystem services they provide became clear. 
These ecosystems improve water quality through pollutant filtration, provide habitat for 
fish and wildlife, store floodwaters, protect against storm surges, control erosion and 
sedimentation, recharge aquifers and efficiently sequester carbon (VA DEQ 2015,  
Dahl 2000).  
 
 Wetlands are biodiversity hotspots, providing habitat for both aquatic and 
terrestrial species alike and operating as spawning sites and nurseries (Keddy et al. 2009, 
Hansson et al. 2005). Findings from a recent study in Australia suggest that wetlands may 
be up to 50 times more effective than forests at sequestering carbon, making them an 
extremely unique and valuable ecosystem (Gallucci 2015). Due to this ecosystem’s 
wealth of services and benefits, wetland loss has a high cost to humans.  
 
 Recognizing the need to protect wetlands, the United States adopted a policy of 
‘no net loss’ in 1989 (Bendor 2007). Section 404 of the Clean Water Act also sets forth 
the need for a permit from the U.S. Army Corps of Engineers when one’s development 
will drain, fill, dredge or otherwise harm an area of wetland. Since ‘no net loss’ is the 
goal, federal law states that wetland loss in one area must matched by the addition of 
wetland elsewhere. This is called compensatory mitigation. Only after determining that, 
after avoidance and minimization techniques have been implemented, the development 
will result in some form of wetland damage, may the developer turn to compensatory 
mitigation. 
 
  There are three forms of compensatory mitigation: permittee-responsible 
mitigation, in-lieu fee mitigation and mitigation banks. In 2008, the Environmental 
Protection Agency and U.S. Army Corps of Engineers released the Compensatory 
Mitigation Rule for Losses of Aquatic Resources revising the regulations associated with 
compensatory mitigation and stating clearly that mitigation banks are the federally 
preferred form of compensatory mitigation (DOD/EPA 2008).  
 
 According to the Virginia Department of Environmental Quality, “the purpose of 
mitigation banks is to replace the biological, chemical and physical functions of wetland 
resources by quantifying the replace function as a ‘credit’, which can be purchased by 
third parties to compensate for unavoidable wetland losses” (VA DEQ 2015).  
 
 Three stakeholders are involved: the developer, the credit vendor and regulatory 
bodies. Typical developers that impact wetlands include transportation agencies, 
residential and commercial developers, the Department of Defense, extractive industries 
and utilities (Ecosystem Marketplace 2015). Credit suppliers come in various forms but 
are typically private mitigation bankers, nonprofit organizations or government agencies 
(Ecosystem Marketplace 2015). The regulatory bodies that form the Mitigation Banking 
Review Team for a specific mitigation bank site proposal include the U.S. Army Corps of 
Engineers and the EPA in addition to relevant state and local regulatory agencies. In 
Virginia, the standard list includes the Norfolk District Corps of Engineers, Virginia 
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Department of Environmental Quality, US Fish and Wildlife Service, Virginia 
Department of Game and Inland Fisheries and Region III of the EPA. 
 
 Mitigation banks’ creation of wetland loss offsets may take one of four forms: 
restoration, enhancement, creation or preservation of wetlands. The process begins when 
a credit supplier submits a permit application for the establishment of a new mitigation 
bank site to the regulatory agencies. The agencies then form an intra-agency review team, 
or an IRT, and either approve or reject the application based on site design, performance 
and monitoring criteria.  
 
 In Virginia, there is a checklist for mitigation bankers to follow, coordinated by 
the Norfolk District Army Corps of Engineers and the DEQ. If approved, the team works 
with the credit supplier to determine how many credits the site will be worth based on the 
site’s functional capabilities, such as pollutant filtration, water storage, erosion control, 
etc. The credit supplier is responsible for the maintenance and monitoring of the site, 
ensuring that it continues to perform ecological functions. The regulatory bodies perform 
routine check-ups for a ten-year period after the creation of a new bank to ensure this is 
happening. Then, when a developer proposes a project that will impact wetlands and they 
have demonstrated that they have made all efforts to avoid and minimize negative 
impacts, they may purchase credits from the new bank to compensate for the aquatic 
function loss they caused.  
 
 There are restrictions mandating how developers can select where they go for 
their mitigation needs. According to the Virginia Off-Site Mitigation Location 
Guidelines, off-site mitigation must be within the same 8-digit HUC Catalog Unit or an 
adjacent HUC Catalog Unit within the same river basin as the developer’s wetland 
damage (USACE, Norfolk District 2008). It must also be in-kind, meaning that estuarine 
impacts must be compensated using estuarine wetlands, etc. (USACE, Norfolk District 
2008).   
 
 While wetland mitigation banks have been useful in restoring, protecting and 
creating wetlands in the United States, they ignore one of the greatest threats tidal 
wetlands face today: sea level rise. The result of thermal expansion and polar ice cap 
melting due to anthropogenic greenhouse gas emission, plus regional land subsidence, 
sea level rise is rapidly accelerating and causing the inundation of wide expanses of 
wetlands (Nicholls et al. 1999).  
 
 As wetlands (especially tidal wetlands) are such biodiversity hotspots, this has 
disastrous effects on countless species. Wetlands do have limited ability to migrate 
upland, but the projections of sea level rise far outpace this ability (Kirwan et al.).  
Inundation of wetlands will also nullify many of their countless ecosystem services.  
 
 Virginia is experiencing the fastest sea level rise of any state on the eastern 
seaboard, and projections estimate that 50 to 80 percent of vegetated tidal wetlands in 
Virginia could disappear by the end of the century (Tompkins and Deconcini 2014). 
There is currently no law or regulation stating that wetland mitigation banks must plan 
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for/take into account the potential effects of sea level rise on their mitigation sites, a 
shortcoming that will inevitably result in the failure of ‘no net loss.’ 
 
 For example, the City of Virginia Beach recently submitted an application for the 
establishment of a tidal wetland mitigation bank in the northern portion of the city for the 
purpose of offsetting the development impacts on tidal wetlands there. The Pleasure 
House Point Mitigation Bank would be 13.12 acres and credits would be sold exclusively 
to the City of Virginia Beach (Kerr Environmental Services Corp. 2014). The Virginia 
Institute of Marine Science’s 2013 Recurrent Flooding Study found that Virginia Beach 
has the third highest vulnerability to inundation of any county in the state, and is 
projected to lose 59.8 square miles of land over the next century (Mitchell et al. 2013). If 
approved, the proposed mitigation bank will likely not survive the century, and neither 





 The current system of compensatory mitigation presumes the offsetting of 
wetland loss to be permanent, but in the case of tidal wetlands, it is not. A low projection 
by the Virginia Institute of Marine Science predicts a 1.5-foot rise in sea level over the 
next 50 years (Mitchell et al. 2013). If sea level rise destroys wetlands inside a wetland 
mitigation bank, the bank would no longer provide the ecosystem services promised and 
the result would be a net loss of wetlands.  
 
 It makes very little sense for these wetland mitigation banks to devote time, 
money and research in planning for new tidal bank sites without considering the 
likelihood that their investment may drown in the Atlantic within a few decades. These 
bankers already have a checklist with rules and regulations they must follow for their 
anticipated site to be approved, as put forth by the Norfolk District of the U.S. Army 
Corps of Engineers and the Virginia Department of Environmental Quality, and 
consideration of the impacts of sea level rise is not among the listed rules. 
 
 I propose that the Wetland Mitigation Checklist include a stipulation that the 
proposed bank site must not be projected to lose 5 percent or more of its ecological 
function due to sea level rise during the 50-year period following its establishment, using 
the Recurrent Flooding Study for Tidewater Virginia’s “low” projection released in 2013. 
 
 This recommendation is logical, simple, cheap and easy to implement. Both the 
federal government and the state of Virginia are striving for ‘no net loss’ of wetlands and 
this is the way to help us achieve that far into the future. The issue of wetland mitigation 
banks failing to consider sea level rise when applying for new bank sites is already a 
recognized problem among wetlands experts. Skip Stiles, the Executive Director of 
Wetlands Watch, has urged the U.S. Army Corps of Engineers to reject permit 




 Wetland mitigation bankers already perform extensive research in surveying 
where next to place a new bank, and data regarding projected sea level rise in the coming 
years is abundant and readily available. Thus it would not be a difficult task for them to 
calculate the risk of sea level rise affecting their prospective sites.  
 
 The addition of one requirement to the existing checklist that mitigation banks 
must follow would also be simple, entailing only an agreement by the relevant regulatory 
agencies that this additional condition makes sense and should be met. The necessary 
document of guidelines is already in use today, and would only need to be amended. 
  
 This proposal would require no additional funding and would be a one-time fix. 
The cost of this change would fall on the wetland mitigation banks, as they would likely 
face higher property costs. They would no longer being able to buy up properties whose 
value is rapidly decreasing due to frequent storm surges and other sea level rise-related 
problems, and this would raise their initial costs. As a result, credit cost may rise, shifting 
higher costs to the developers. If credits are deemed too expensive, developers may be 
more hesitant to take action that would damage wetlands and cause a need to purchase 
credits. In that sense, this recommendation protects wetlands from anthropogenic damage 
from the beginning.   
 
 Again, scientists have found that wetlands sequester carbon up to 50 times more 
efficiently than forests (Gallucci 2015). While the government recognizes the 
innumerable services performed by wetlands and has taken action to protect them, it must 
adjust the mitigation system to face new threats posed by climate change. Protecting 
wetlands from the greatest threats they faced decades ago will no longer be enough to 
ensure that these precious ecosystems survive. 
 
 This proposal requests the termination of the waste of time and money associated 
with creating new wetland mitigation banks in places they will not last. Both the United 
States and the Commonwealth of Virginia have explicitly stated that they are striving for 
‘no net loss’ of wetlands, and this recommendation helps assure that their goal will be 
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Wetlands are a “biological super system” hosting a vital reservoir of 
biodiversity potential. Conserving wetlands and protecting their 
biodiversity is instrumental in upholding the ecosystem services wetlands 
provide. These ecosystem services include flood control, food supply, 
clean water, and recreational areas. All act as major contributors to 
Virginia’s economy (Hansson et al, 2005)  
 
Current models projecting climate change impacts on the Virginian 
coastline predict sea-level rise to be incompatible with rate of migration 
and adaptation needed for wetlands. (Titus et al, 2009) Existing wetland 
conservation efforts lack the required action to combat these imminent 
problems, because land acquisition is imminent to their health and 
survival. The implementation of an Adopt-A-Wetland Program would 
accomplish this goal while increasing public awareness about wetland 
biodiversity.  
 
The proposed program would focus on marketing strategies to persuade 
target parties such as fisheries, academia, similarly minded non-profits, 
individuals, and major corporations to “adopt” wetland areas by acquiring 
them. Coastal property is expensive. This program will capitalize on 
marketing strategies, the current trends of environmentally friendly 
consumer preferences (Chen and Chai, 2010), and stakeholders' interests 




The Issue: Wetland Loss 
 
A wetland is defined under the Clean Water Act as “those areas that are inundated 
or saturated by surface or groundwater at a frequency and duration sufficient to support, 
and that under normal circumstances do support, a prevalence of vegetation typically 
adapted for life in saturated soil conditions.” Wetlands generally include swamps, 
marshes, bogs and similar areas (epa.gov). Wetlands provide crucial ecosystem services 
to local regions (Hansson et al, 2005).  
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The types of ecosystem services can be broken down into four benefits categories; 
provisioning, supporting, regulating, and cultural. (Duhring, 2014) Provisioning benefits 
include providing habitat for an array of fish and wildlife. This includes many 
economically important species such as the blue crab and eastern oyster. Most 
importantly, 43% of threatened endangered species rely, either directly or indirectly, on 
wetland habitats. (Dahl, 2011) Supporting benefits include soil formation and nutrient 
cycling. Regulating benefits include pollution control through nutrient uptake and 
sediment trapping; flood regulating by reducing flood crests and flow rates; erosion 
regulating through the dissipated wave energy and soil stabilization; and finally 
greenhouse gas regulating through carbon sequestration. Lastly, cultural benefits include 
aesthetic and recreational enjoyment as well as economic benefits through commercial 
fishing.  
 
According to the EPA’s Virginia Wetland State Profile, wetlands originally 
covered 7% of the state and now they cover about 4%. There are 1 million acres of 
wetlands remaining. (epa.gov) This loss of wetlands is caused principally by land 
subsidence and climate change. Sea level has risen and fallen with a general pattern for 
the last 400,000 years due to rotations orbit and position to the sun. (World Resources 
Institute) Sea level rise is currently rising at a faster pace due to anthropogenic influences 
than previously seen. (Titus et al, 2009) Vertical accretion through sedimentation and 
peat formation had enabled wetlands to keep pace with the relatively slow rate of sea 
level rise during this time. (Titus, 2011) Now the mid-range estimate from the Old 
Dominion University study “Climate Change, Global Warming and Ocean Levels,” is a 
3.7-foot increase in local sea level by 2100 for Hampton, VA.  
 
Wetlands are forced to “migrate” inland at a faster pace or risk being drowned. 
“Current trends suggest tidal marshes will not be able to maintain themselves at present 
and projected rates of sea level rise.” (Davis, 2011) Not only are the wetlands unable to 
adapt to this increased rate of sea level but also due to human development and shoreline 
hardening there is no space for them to move to. “If landward margins are armored, 
effectively preventing inland migration, then wetlands could be lost if they are unable to 
accumulate substrate at a rate adequate to keep pace with future increased rates of sea-
level rise.” (Scavia et al, 2002) 
 
 
The Solution: Land Acquisition 
 
The future of wetlands and exactly how they will respond to sea level rise and 
other climate change effects can be projected but not definitively known. That is why the 
most practical and effective solution to mitigate the loss of wetlands is through land 
acquisition. Land acquisition is a direct way to ensure wetlands and the surrounding area 
are preserved from development. The majority of current conservation efforts in Virginia 
are focused on monitoring, assessing and promoting living shorelines. (Davis, 2011) 









This “Adopt-a-Wetland” program is inspired by the well-known and successful 
(Sunderland et al, 2013) “Adopt-a-Highway” and “Adopt-a-Beach” programs. The 
central idea is to create a program that can capitalize on the persuasion tactics inherent to 
marketing strategies, the current trends of environmentally friendly consumer 
preferences, (Chen and Chai, 2010) and target parties’ individual stake in the health of 
local wetlands. The proposed program would focus on marketing strategies to persuade 
suggested target parties of fisheries, academia, similarly minded non-profits, individuals, 





The program would be best integrated into the Virginia Marine Resources 
Commission. The VMRC, established in 1875, is one of the oldest agencies within the 
Virginia State government, and has managed the Virginia Wetlands Act since 1972. The 
program would be broken into three main divisions; environmental monitoring and 
assessment of wetland areas, marketing and new business, and administration. The new 
2015 state budget, which goes into effect April 1, supplied the VMRC with sufficient 
funds to allow them to reduce the cost of recreational saltwater fishing licenses. (Ward 
and Bull, 2015) This suggests that it can accommodate additional costs such as the 





The central purpose of the program is to acquire more land to preserve wetland 
migration, but its public education impact is important as well. Similar programs in 
Texas, Georgia and Delaware focus on active community outreach.  
 
Delaware’s Adopt-A-Wetland program is funded by grants from the U.S. Fish and 
Wildlife Service and the Environmental Protection Agency. (ELI, 2010) The goals of the 
program are to increase awareness, educate the public, and recruit volunteers to assist in 
monitoring and protecting. The program is also used to collect data on priority areas for 
the state to use in a larger, comprehensive plan. (ELI, 2010) The Environmental Law 
Institute’s Delaware Wetland Program Review of 2010 highlights the need for increased 
collaboration of information collected to help better inform local governments land use 
decisions.  
 
Georgia’s coastal wetland programs conduct enforcement separately from the 
state's water quality programs and are quite active, performing regular overflights to 
locate and investigate possible violations to the state’s coastal protection laws. (ELI, 
2005) Georgia’s Adopt-A-Wetland, which began in 2001, is a good example of creating a 
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successful public private partnership and building community responsibility for the care 
of local wetlands. (EPA, 2011) 
 
Texas’ program is primarily educational. The program was founded in 1991 with 
a central goal to encourage teachers to pro-actively use wetlands as a laboratory to 
increase awareness of the importance of wetlands. (EPA, 2001) The program earned the 
Gulf Guardian Award in 2001. The Gulf of Mexico Program Partnership developed the 
Gulf Guardian awards as a way to recognize and honor businesses, community groups, 
individuals, and agencies in their wetlands preservation work. (EPA, 2001) 
 
These programs provide some cautionary guidance on how to efficiently share 
data with other agencies. Unlike this paper's proposal, they do not entail land acquisition 
along with increased community involvement and awareness. Virginia’s marketing 
approach to an Adopt-A-Wetland program should use advertising and corporate 
engagement strategies. Certification programs, for example, could encourage schools to 





The party most likely to participate in the proposed program would be the fishing 
industry, due to their direct, financial connection to wetlands’ health. Multiple studies 
gauge consumers’ level of interest in projects by surveying their “willingness to pay.” 
According to a study on wetland restoration efforts in Louisiana, increases in fisheries 
productivity is among the highest rated factors in overall willingness to pay for wetland 
restoration. (Petrolia et al, 2013)  Wetlands are nurseries for aquatic species of immense 
ecological, cultural and economic importance. (Sheaves et al, 2015) In Virginia, wetlands 
act as breeding grounds and nursery areas for many species critical to the fishing industry 
such as blue crabs and menhaden. (U.S. Department of the Interior, 2010) The fishing 
industry in Virginia is one of the most important economic contributors. In 2004 
recreational and commercial fishing contributed $1.23 billion in sales, $717 million in 
income, and more than 13,000 jobs in Virginia. (Kirkley, et. al. 2005) Purchasing a 
wetland provides the fishery with insurance and could create shared value through 
additional marketing tactics. (Porter and Kramer, 2011) For example, creating 
“responsible wetland conservation contributor” certification stickers for products to 
inform consumers of the respectful environmental responsibilities of the fishery.  
 
Overviews of other target parties and why they would be interested in 
participating in such a program are as follows.  
 
Research institutions and universities would be interested in purchasing wetland 
area to provide direct access for research opportunities, and help recruit students and 




 Conservation non-profits may not be financially inclined to purchase a wetland 
but partnerships could be developed to create shared value via research and volunteer 
efforts. (Porter and Kramer, 2011)  
 
 Individual efforts could participate. In an effort to fund a large-scale restoration 
project in the Barataria-Terrebonne National Estuary in coastal Louisiana a study was 
conducted in 2011 to estimate individuals’ willingness to pay. The survey estimated the 
mean willingness to pay for an intermediate-scale restoration program ranges between 
$909 and $1751 per household. (Petrolia et al, 2013)  
 
Crowdsourcing via various social media platforms could spread awareness of the 
program across the state. Incentives could be put in place such as a free t-shirt, toy stuffed 
animal, or Chesapeake Bay Foundation license plate. Another approach to attract more 
involvement could be setting up a tracking/adopting of a charismatic wetland species.  
 
Due to increased pressure from government regulations, activists, and media, 
major corporations often perceive the need to make social responsibility a priority. 
(Porter and Kramer, 2006) The National Fish and Wildlife Foundation (NFWF) already 
has a collection of established corporate partners including Altria, Bank of America, 





Market research shows that “green” marketing is a profitable and increasingly 
popular business move. (Smith and Perks, 2010) Resource Advantage Theory (R-A 
theory) says that a firm can sustain a competitive advantage if it continually strives to 
meet and exceed customer expectations; today environmentally friendly projects are part 
of consumer’s expectations. (Richey, 2012) The target parties listed above all have some 
kind of “stake” in conserving wetlands. This will cause them to have initial interest 
(Bryson, 2004) then through client meetings, research etc. an individualized plan can be 
worked out with a party to ensure their wetland purchase is a “win-win” endeavor. 
 
 Second, Virginia is primed for such a program focus due its proximity to the 
Chesapeake Bay. Awareness about environmental conservation, specifically wetlands, 
will positively influence behavior towards positive action. (Forsyth et al., 2004), and 
strong background knowledge is likely to boost support.  
 
Third, this proposal combines government regulation and business interests, 
which suggests clearer communication to non-scientists -- typically lost in environmental 
regulations. (Bickford, 2012) This communication can lead to more efficient solutions 









The stress of sea level rise and human development is drowning Virginia’s 
wetlands. Conserving wetlands and protecting the biodiversity they host is instrumental 
in upholding the beneficial ecosystem services provided. Land acquisition ensures direct 
control over conservation. The proposed Adopt-A-Wetland program offers a spin on an 
old name. The program engages conservation efforts, with direct community 
involvement, and stakeholder economic interests creating a cohesive movement to save 
our wetlands. Virginia has the opportunity to be the front-runner in a new type of land 
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importance in land acquisition. Dr. Tim Hamilton, Assistant Professor of Economics at 
University of Richmond, for offering advice on quantifying ecosystem services. My 
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The population of the Easter oyster, Crassostrea virginica, in the 
Chesapeake Bay is now 1 percent of what it was during the 19th century 
(Kimmel et al. 2007). This decline is the result of various harmful effects 
such as disease, nutrient pollution, hydrological change, habitat loss and 
over-harvesting (Ermgassen et al. 2013), and is further threatened by 
warming temperatures associated with climate change and acidification 
via atmospheric greenhouse gas intensification.  
 
C. virginica can recover and in addition help mitigate damage to the health 
and biodiversity of the Chesapeake Bay as climate change advances. The 
biodiversity of the Bay is directly correlated with oyster populations. 
Oysters provide reef habitat and water filtration for the Bay, so it is an 
especially effective species to mitigate acidification and species loss from 
climate change.  
 
In order to recuperate Eastern Oyster populations in the Bay, this 
recommendation proposes that Virginia expand its oyster sanctuary by 
9,000 acres, matching Maryland’s sanctuary expansion in 2009. The costs 
of sanctuary establishment are minimal, but two possible funding sources 
are also proposed. The economic and ecological value returned to the 
region by healthy oyster reefs far surpasses the restoration costs in one to 




Crassostrea virginica, our native Eastern Oyster, has seen a dramatic decrease in 
population levels that are now less than 1 percent of what they were in the late 19th 
century (Kimmel et al. 2007). The great Eastern Oyster reefs were once so abundant that 
they defined the Bay’s ecosystem as a whole; they reached from the inlets of the James 
River past the mouth of the Chesapeake Bay and out into the Atlantic Ocean, a common 
nuisance for local boatmen.  
 
Oysters around the world have declined by 85 percent, making oyster reefs the 
most imperiled marine habitat in the globe (Pelley 2009). In the USA alone, estimates 
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suggest that oyster reef extent declined by 64 percent and loss of oyster biomass 
amounted to 88 percent between the early 1900s and early 2000s (Ermgassen et al. 2013).  
 
The output of atmospheric carbon dioxide through the burning of fossil fuels, a 
cause of climate change, will be a primary contributor to the future loss of oyster 
populations and their stability. As atmospheric carbon dioxide mixes into the 
Chesapeake's waters, a decrease in pH -- acidification -- occurs, which in turn alters shell 
formation rates, energy usage, and ultimately, the growth and survival of oyster larvae 
(Barton et al. 2012).  
 
The destruction of oyster populations to date can be attributed to a combination of 
factors such as habitat destruction, overfishing, disease, reduced water quality. The 
Eastern Oyster is a keystone species on which other species depend. The loss of oysters 
translates into a loss of both critical habitats for marine species and a species that actively 
cleans the water of nutrients and pollution (Pelton and Goldsborough 2010).  
 
The biodiversity of the Bay and the health of the oyster reefs are directly related. 
And as water becomes increasingly saturated with carbon dioxide, larval recruitment is 
less effective and thus decreases overall population (Hennige et al. 2014). 
 
Ecologically, oysters filter water and act as a “natural water treatment”, provide 
habitat for an abundance of marine species, help to enhance fish production, sequester 
nitrogen, and control erosion (Pelley 2009). The oyster population is an economic asset to 
Virginia as a fishery resource, amounting to over 22 million dollars’ in 2010 (Hudons an 
Murray 2014).  
 
Yet, this pales in comparison to the economic value that can be assigned to the 
ecosystem services that the C. virginica population provides for the Chesapeake Bay 
area. This accelerated loss of many habitats since the industrial revolution is widely 
documented but the ecological and economic ramifications of the loss have only recently 
gained recognition (Ermgassen et al. 2013).  
 
In 2010, when Governor O’Malley announced the project, he said that “...the 
citizens of Maryland are becoming united in the view that we need to change course and 
take bold action to rebuild our oyster population - both for their ecological values and for 
the jobs and economic impact than an expanded aquaculture industry will provide for 
Maryland families for generations to come” (O’Malley 2010). Now is the time for 
Virginians to take substantial steps toward preservation and restoration.  
 
This recommendation proposes that Virginia increase its oyster sanctuary network 
to 9,000 acres of remaining oyster bar habitat, matching Maryland’s expansion in 2009. 
Virginia currently has over a hundred sanctuaries but most are less than two acres (Pelton 
and Goldsborough 2010). Major expansions are necessary. Maryland sanctuaries have 
shown significant oyster population increases (Maryland Department of Resources 2014), 






Two protozoan (single-celled) parasites, Perkinus marinus (Dermo) and 
Haplosporidium nelsoni (MSX), are major sources of oyster mortality in the Chesapeake 
(Chesapeake Bay Oyster Management Plan, 2004). Environmental conditions such as 
salinity and temperature affect the distribution, abundance, intensity and number of 
affected hosts of these parasites. Generally, low salinity (<12 ppt) areas experience low 
oyster population recruitment rates because salinity affects the production of gametes, 
larvae growth, and shell creation. Mid-salinity areas (12-14 ppt) are variable with climate 
fluctuations; in wetter periods, survival is generally higher but spat settlement and growth 
are poor, but during drier periods, the opposite is true.  
 
Data shows us that oyster populations experience occasional sharp drops in 
infection rates during wetter periods when excess freshwater runoff lowers Bay salinity 
(Carnegie and Burreson 2009). Higher salinity areas (>14 ppt) tend to have a larger 
number of young or small oysters because population recruitment is much higher, 
however, fewer individuals survive to adulthood or are capable of producing appropriate 
shells (Chesapeake Bay Oyster Management Plan, 2004).  
 
In 2004, P. marinus was present in all productive oyster grounds in the 
Chesapeake. Despite an increase in the abundance of disease-causing parasites in the 
Bay, research from VIMS shows that Chesapeake Bay oysters are increasingly showing 
more resistance to both P. marinus and H. nelsoni (Carnegie and Burreson 2009).In turn, 
improved growth can be realized through the development of stable oyster communities 




Today excess carbon dioxide, the dominant source of global climate change, 
dissolves into ocean waters and is converted into carbonic acid. This change in ocean 
waters is called acidification. Many studies show that acidification threatens shellfish. 
While emissions continue to rise, oceans will also continue to become more acidic, 
irreparably damaging our marine environments and bivalve populations (Talmage 2010).  
 
When introduced to ocean or brackish Bay waters, carbon dioxide reacts with 
water molecules and forms the ‘weak’ acid known as carbonic acid; carbonic acid 
dissociates into hydrogen and bicarbonate ions. In turn, the increase in hydrogen ions 
reduces pH and the brackish Bay water becomes acidified (Raven et al. 2005).  
 
In order to build their shells, oysters extract calcium and carbonate ions from 
seawater to combine and form crystallized calcium carbonate, the primary component of 
the shell. Increased acidity in Bay waters will make it more difficult for oyster larvae to 
extract the negatively charged carbonate ions because the positively charged hydrogen 




Yet, positive feedback has been identified between shell aggregations and healthy 
bivalve populations in temperate estuaries; this reveals a correlation between shell 
creation and alkalinity cycling (Waldbusser et al. 2013). Healthy filter-feeding 
populations couple the production of organic rich waste with the precipitation of calcium 
carbonate minerals in order to create favorable conditions for alkalinity regeneration.  
 
Although the dynamics of bivalve shell creation have yet to be well understood, 
the Waldbusser et al. study suggests that oyster shell reefs act as an alkalinity sink, thus 
buffering the increasingly problematic effects of acidification. This study also estimated 
that current oyster populations now only contribute around 4 percent of Baywide acidity 
buffering; they were responsible for about 70 percent of Baywide acidity buffering in 
1870 (Waldbusser et al. 2013).  
 
Alkalinity in Bay waters is also integral to the health of most Bay species. It can 
best be summed up in the words of researcher Roger L. Mann: “As ocean water becomes 
more acidic, oyster shells begin to dissolve into the water, slowly releasing their calcium 
carbonate—an alkaline salt that buffers against acidity. An oyster reef is a reservoir of 
alkalinity waiting to happen.” The preservation of Eastern Oyster communities is 
essential for the success of maintaining and recovering the alkalinity of the Bay. 
  
 
 Water Quality Protection and Restoration 
 
The Eastern Oyster is negatively impacted by low water quality. Sedimentation, 
turbidity, and anoxic conditions are several key components of water quality (Chesapeake 
Bay Management Plan, 2004). The natural aging process of the Chesapeake Bay has been 
accelerated by human activity in its watershed. Humans are artificially introducing and 
steadily increasing sediment and nutrient loads delivered to the Bay (Bricker et al. 2014). 
These artificially introduced nutrients foster algal blooms which inhibit sea grasses to 
receive proper light, smother benthic species , and decrease dissolved oxygen levels 
(Bricker et al. 2014).  
 
Historically, oysters were capable of improving water quality by means of 
filtering sediments and phytoplankton from the water column, thus having the opposite 
effect of algal blooms (Grabowski et al. 2012). However, the decline of oyster 
populations has led to higher concentration of sediments and phytoplankton in the water 
column. A recent study conducted throughout thirteen Gulf coast estuaries estimated the 
volume of water filtered by oyster populations under natural field conditions. It revealed 
that the filtration capacity of Eastern Oysters has declined, almost universally, by a 
median of 85 percent. Historically, oyster populations were successful in filtering their 
respective estuaries (a volume equivalent or greater than the volume contained by their 
estuary, within the residence time of water) (Ermgassen et al. 2013).  
 
The decrease in water-treatment capacity can be attributed to the difficulties 
posed by unstable populations and record-low water quality. Nonetheless, the hardy 
Eastern Oyster is capable of overcoming these problems by means of filter-feeding, 
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thereby reducing eutrophication within the Bay. At current levels, the positive effect of 
bivalve filter feeding is minimal. Still, it is abundantly clear that C. virginica is capable of 




Solution: Costs, Funding, and Benefits 
 
In order to aid Crassostrea virginica and the Chesapeake Bay, this proposal seeks 
to create and sustain 9,000 acres of healthy Eastern Oyster habitat accordant with 
Maryland’s 2009 sanctuary expansion of 9,000 acres. These areas will be considered ‘no-
take’ zones where oyster harvesting is strictly forbidden. Virginia must coordinate with 
and follow Maryland’s successful efforts in order to ensure effective and efficient 
sanctuary increase. 
 
Enforcing the protection of these sanctuaries would fall under the Virginia Marine 
Police who are currently responsible for protecting oyster sanctuaries in Virginia’s 
Chesapeake Bay. It will not be necessary to increase funding in order to maintain the 
enforcement of sanctuary policy. 
 
The management of these sanctuaries would be handled by the Virginia Marine 
Resources Commission (VMRC) which would enlist the aid of multi-partner groups such 
as the Chesapeake Bay Program (CBP), the Virginia Oyster Heritage Program (VOHP), 
and the Chesapeake Bay Commission (CBC) as well as other non-profit partners. 
 
Costs assumed by these agencies would come from the steps necessary to 
establish oyster sanctuary: identifying appropriate oyster bottom, establishing quality 
habitat with suitable clutch material and substrate, prohibiting shellfish harvest and 
enforce prohibition, maintaining suitable oyster production in the face of low water 
quality and disease and monitoring the state of protected oyster reef. (CBMP, 2004). The 
data demonstrates that environmental factors affect oysters physiological activities and 
larvae recruitment on a seasonal basis, a factor that is integral in selecting appropriate 
oyster sanctuary (Mann 2014). 
 
 If the oyster sanctuaries need maintenance and restoration in order to meet the 
criteria above, the cost of restoration per hectare of oyster ranges from $52,000 to 
$260,000: (2.47 acres to 1 hectare) ranging from $21,052 to $105,263 (Grabowski et al. 
2012). One study by the Virginia Oyster Reef Heritage Foundation placed it at an average 
cost of $14,800 per acre, however, considering newer evaluations, the costs have gone up 
and may continue to do so (Hicks et al. 2004).  
 
If every acre of sanctuary needs to be restored, using the Grabowski estimates, 
these costs could range from $189,468,000 to $947,367,500. The most commonly used 
form of oyster population restoration known to date is spat-on-shell cultivation. The main 
advantage of spat-on-shell cultivation is that it requires less labor and fewer materials 
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than single-oyster cultivation, thereby making it a more economically feasible option for 
producing large quantities of oysters (Hudson and Murray, 2014).  
 
Two funding sources would have minimal to zero impact upon commercial 
fisheries. The state of Virginia could place a $0.10 tax on the 31 million individual 
oysters that Virginians eat each year, realizing $3.1 million dollars. In addition, the state 
of Virginia could raise the Potomac River Fisheries Commissions inspection tax from 
$1.5 to $2 per bushel identically to Maryland’s Legislation HB 357/SB 344 PRFC 
Inspection Tax and Penalty. The Virginia Farm Bureau reported that the 2014 harvest 
topped 500,000 bushels. This would raise the realized taxes of inspections from $750,000 
to $1,000,000 per year.  
 
In the fiscal year 2009, the Virginia Department of Environmental Quality 
(VDEQ) water protection program totaled in $18,689,061. (McIlmoil et al. 2012). This 
program's Bay-associated costs could be diminished by fostering oyster growth and 
allowing the species to mitigate cleanup costs.  
According to conservative estimates, the economic value of oyster reef services as 
described above, excluding oyster harvest, ranges from $5,500 to $99,000 per hectare per 
year: (2.47 acres to 1 hectare) ranging from $2,226 and $40,080 per acre per year 
(Grabowski et al. 2012). These profits per acre will only be realized when reefs recover 
their median restoration cost in 2-14 years (Grabowski et al. 2012). These potential 
profits will only be realized if the oyster reefs are not harvested.  
The most valuable service provided by oyster reefs is shoreline stabilization, a 
service that is extremely sensitive according to the location of any given oyster reef, 
creating the significant range in oyster reef service evaluations. The potential economic 
benefits of 9,000 acres of sanctuary after 2 years could range from $40,068,000 to 
$721,440,000. The potential economic benefits after 14 years could range from 
$280,656,000 to $5,050,080,000 (calculated using values from Grabowski et al. 2012).   
 
If restoration efforts were to become necessary for every acre of established 
sanctuary, the economic benefit from ecological services could exceed the costs of 
restoration in one to five years. In conclusion, if we are to realize that the benefits far 
outweigh the costs, then acidification will be mitigated and the biodiversity of the 
Chesapeake Bay will become increasingly secure.     
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